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Agriculture  &  Food 

0529  Good  Fats  Don't  Diminish  'Good'  Cholesterol 

0530  Improved  Herbicides 

0531  Using  Satellite  Data  To  Map  Crops— An  inventory  of 
California's  Central  Valley  demonstrates  mapping 
procedures. 

Computers 

0532  Ferroelectric  Ram  Developed 

0533  Initializing  Embedded  Data  Processors  From  a 
Single  Source — Remote  processors  are  given  an 
image  of  a  startup  diskette  so  that  a  real  local 
diskette  and  drive  are  unneeded. 

0534  Validation  of  Critical  Knowledge-Based  Systems — 
The  adaptation  of  techniques  developed  for  the 
validation  of  flight  systems  is  discussed. 

Electrotechnology 

0535  Drop-in  Switches 

0536  Optical  Fiber-to-Channel  Waveguide  Coupler 
Developed 

0537  Sonar  Transducers  Calibrated  At  Sea 

0538  Axial-Gap  Induction  Motor  for  Levitated  Specimens — 
The  motor  does  not  obscure  the  view  of  the  speci- 
men. 

0539  Broadband  Active  Antenna — The  effective  area  of  a 
search  coil  is  increased.  (Licensing  Opportunity) 

0540  Digital  Synchronous  Demodulator — The  digital 
version  offers  greater  speed,  precision,  and  reliabil- 
ity. (Licensing  Opportunity) 

0541  Electronic  Control  of  Slow  Rotations — A  control 
circuit  imitates  a  conventional  (mechanically  driven) 
synchro.  (Licensing  Opportunity) 

0542  Electrically  Isolating  Transmission — Line  Driver — The 
transmission  line  would  be  isolated  from  common- 
mode  input  and  ground. 

0543  Improved  Analog  Synchronous  Demodulator — 
Output  ripple  is  suppressed  without  an  output  filter. 
(Licensing  Opportunity) 

0544  Managing  Data  From  Signal-Propagation  Experi- 
ments— Data-acquisition  hardware  and  software  are 
described. 

Testing  &  Instrumentation 

0545  More-Precise  Calibration  of  Polarimetric  SAR — It  is 
not  necessary  to  assume  reciprocity  between  the 
transmitting-and  receiving-subsystem  matrices. 

Software 

0546  Numerical  Arc-Segmentation  Algorithm  for  a  Radio 
Conference — NASARC  helps  administrations 
allocate  geostationary  fixed  satellite  services. 


0547  Rugged  Low-Resistance  Contacts  to  High-Tc 
Superconductors — Gold  beads  provide  low  electrical 
resistance  and  high  shear  strength. 

0548  Two-Pass,  Diode-Pumped  Nd:YAG  Slab  Laser 
Head — A  simple  design  increases  the  efficiency  of 
side  pumping. 

Testing  &  Instrumentation 

0549  Computer-Generated  Holographic  Projection  X-ray 
Lithography — Elegant  new  approach  to  make  circuits 
for  semiconductor  industry 

Energy 

0550  New  Yeast  Simplifies  Biomass-to-Ethanol  Process 

0551  Thermodynamic  Aspects  of  Heat-Pipe  Operation — ^A 
new  analysis  shows  why  many  heat  pipes  have  not 
performed  as  well  as  expected. 

Other  Items  of  Interest 

0564     Lightweight  Radiator  Fin — The  mass  necessary  to 

radiate  a  given  amount  of  power  would  be  minimized. 

Engineering 

0553  Cold  Weather  Concreting:  Antifreeze  Admixtures 

0554  Ripper  Bucket  For  Digging  Hard  And  Frozen  Ground 

0555  Water  Jet  System  Could  Deactivate  Battlefield  Land 
Mines 

0556  Robotic  Engine  Manifold  Cleaning  Cell  and  Hazard- 
ous Chemical  Rejuvenation 

0557  Autonomous  Frequency-Domain  Identification — ^A 
test  and  data-processing  system  determines  plant 
models  and  uncertainties. 

0558  Cable  Feedthrough  Between  Liquid  Oxygen  and 
Ambient — Encapsulant  and  back  pressure  provide 
double  protection. 

0559  Computed  and  Measured  Flow  in  a  Turnaround 
Duct — Measurements  indicate  deficiency  in  a 
mathematical  model  of  turbulence. 

0560  Computed  Turbulent  Free  Shear  Flow  of  Air — The 
standard  k-e  model  of  turbulence  yields  fairly 
accurate  results. 

Software 

0561  Computing  Thermal  Performances  of  Shafts  and 
Bearings — A  general,  modular  program  is  applicable 
to  realistically  complicated  systems. 

0562  Dynamic,  High-Temperature,  Flexible  Seals — Stacks 
of  ceramic  wafers  conform  to  sealed  surfaces. 
(Licensing  Opportunity) 

0563  Integrated  Scene  and  Graphics  for  Multiple-Camera 
Viewing — High  information  content  is  presented 
simple  and  understandably.  (Licensing  Opportunity) 
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Engineering  (Cont.) 

0564  Lightweight  Radiator  Fin — The  mass  necessary  to 
radiate  a  given  amount  of  power  would  be  minimized. 

0565  Liquid/Gas  Separator  Handles  Varying  Loads — A 
two-motor  design  enhances  adjustability. 

0566  Metal-to-Composite  Shaft  Splice — ^A  strong,  light- 
weight shaft  is  formed  without  awkward  bolted 
flanges. 

0567  Oscillatlng-Coolant  Heat  Exchanger — These  devices 
might  be  useful  in  situations  in  which  heat  pipes  are 
inadequate.  (Licensing  Opportunity) 

0568  Removing  Solids  From  Supercritical  Water^Salts 
and  other  solids  are  separated  via  impingement  and 
filtration. 

0569  Smoke  Generator  for  Studies  of  Vortices  in  Flight — 
Vortex  cores  and  breakdowns  can  be  located. 

Testing  &  Instrumentation 

0570  Computer-Graphical  Visualization  of  Flow  Fields — 
Recent  and  anticipated  developments  are  reported. 

0571  Magnetic  Location  Indicator — A  simple  tool  shows 
where  a  magnetic  field  is  most  intense. 

0572  Full-Surface  Phasing  of  a  Segmented  Mirror — 
Techniques  based  on  physical  and  on  geometrical 
optics  would  be  applied  jointly.  (Licensing  Opportu- 
nity) 

Other  Items  of  Interest 

0573  Bioremediation  of  Hydrocarbon-Contaminated  Soil  in 
Northern  Climates 

0590     Microencapsulation  of  Biocides  Used  in  Antifouling 
Coatings 

0598     Spectral-Content  Readout  of  Stress-Induced 

Birefringence — ^The  spectrum  of  transmitted  light 
indicates  stress  in  a  sensor  of  specimen. 

0616    Optical  Detection  of  Ice  on  a  Helicopter  Rotor — Ice 
would  alter  the  polarization  of  reflected  light. 

Environmental  Science  &  Technology 

0573     Bioremediation  of  Hydrocarbon-Contaminated  Soil  in 
Northern  Climates 


Chemical  Recycling  of  Mixed  Plastic  Wastes 
Exhaust  Hood  Air  Vest 


0574 
0575 

Other  Items  of  Interest 
0607     High-Acidity  Sensor 

Manufacturing,  Machinery  &  Tools 

0576  All  Aluminum  Components  For  Microwave  Systems 

0577  Rapid  Prototyping  Program 


0578  Robotic  Contact/Filler  Insertion  System 

0579  Enhancements  To  Robotics  For  Major  Assembly 
(ERMA) 

0580  Automated  Blast  Cleaner — ^An  apparatus  cleans 
surfaces  quickly  and  consistently. 

0581  Casting  Stainless-Steel  Models  Around  Pressure 
Tubes — The  survivability  of  thin-wall  stainless-steel 
tubing  is  increased  to  nearly  1 00  percent. 

0582  Preloading  Collet  Latch — ^A  vibration-resistant 
fastener  can  replace  a  pinned  or  threaded  fastener. 

0583  Protective  Cover  for  Degreasing — A  tightly  fitting 
elastomeric  cover  exposes  only  surfaces  to  be 
degreased.  (Licensing  Opportunity) 

0584  Recursive  Filtering  and  Smoothing  in  Robot  Dynam- 
ics— ^Techniques  developed  originally  for  electronic 
systems  are  also  useful  for  multibody  mechanical 
systems. 

0585  Stiffer  Circumferential  Dovetail  Mount  for  Turbine 
Blades — Material  is  distributed  to  resist  bending  more 
efficiently.  (Licensing  Opportunity) 

0586  Tool  for  Installation  and  Removal  of  Welding  Elec- 
trodes— The  tool  helps  align  electrodes  of  different 
diameters. 

Other  Items  of  Interest 

0549     Computer-Generated  Holographic  Projection  X-ray 
Lithography — Elegant  new  approach  to  make  circuits 
for  semiconductor  industry 

0575     Exhaust  Hood  Air  Vest 

Materials 

0587  High  Modulus  Pitch-Based  Graphite  Fiber 

0588  Bonding  Ceramics  to  Metals 

0589  Color  Changing  Paint 

0590  Microencapsulation  of  Biocides  Used  in  Antifouling 
Coatings 

0591  Characteristics  of  Superplastically  Formed  Ti6242 
Sheet — A  near-alpha  titanium  alloy  is  candidate  for 
high-temperature  structural  airframe  applications. 

0592  High-Temperature  Treatments  for  Polyimide/Graphite 
Composite — Two  treatments  could  enhance  thermo- 
oxidative  and  structural  stabilities.  (Licensing 
Opportunity) 

0593  Making  Conductive  Polymers  by  Arc  Tracking — An 
experimental  technique  takes  advantage  of  a 
heretofore  undesirable  phenomenon.  (Licensing 
Opportunity) 

0594  Properties  of  High-Performance  Thermoplastics — 
Sixteen  of  the  principal  thermoplastics  used  to 
fabricate  high-performance  composites  are  reviewed. 
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0595  Pseudomorphic  InxGal  -xAs  Surface-Emitting 
Lasers — Light  can  be  deflected  out  through  the 
substrate,  If  necessary.  (Licensing  Opportunity) 

Software 

0596  Updated  SINDA'85/FLU INT— Fluid  and  thermal 
systems  governed  by  diffusion-type  equations  are 
analyzed  via  lumped-parameter  models. 

0597  Viscoelastic  Response  of  a  Highly  Filled  Polymer — 
The  behavior  under  biaxial  stretching  was  measured 
and  characterized  theoretically. 

Testing  &  Instrumentation 

0598  Spectral-Content  Readout  of  Stress-Induced 
Birefringence — ^The  spectrum  of  transmitted  light 
indicates  stress  in  a  sensor  of  specimen. 

Other  Items  of  Interest 

0566     Metal-to-Composite  Shaft  Splice — A  strong,  light- 
weight shaft  is  formed  without  awkward  bolted 
flanges. 

0610     New  Cross-linkable  Polyimides — Methyl  groups 

cross-link  in  air  at  275oC  or  upon  ultraviolet  irradia- 
tion to  form  insoluble  polyimides.  (Licensing  Opportu- 
nity) 

W    Medicine  &  Biology 

0599  Center  For  Alternatives  To  Animal  Testing 
Tracking  The  Origins  Of  An  Inherited  Enzyme 


0600 

0601 
0602 


Deficiency 

Circulation  Enhancing  Apparatus 

Smart  Oxygen  Mask 


Testing  &  Instrumentation 

0603  Indirect  Fluorescent-Antibody  Analyzed 

0604  Joint  U.S./U.S.S.R.  Study  of  Effects  of  Bed  Rest- 
Horizontal  and  head-down  positions  were  investi- 
gated at  two  research  centers. 

0605  Nutritional  and  Taste  Characteristics  of  Algae — 
Chemical  analyses  were  performed,  and  algal  protein 
isolates  were  incorporated  into  some  foods. 

0606  Sequences  of  Amino  Acids  for  Human  Serum 
Albumin — Smaller  biologically  active  polypeptides 
can  be  made.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0529     Good  Fats  Don't  Diminish  'Good'  Cholesterol 

0531      Using  Satellite  Data  To  Map  Crops — An  inventory  of 
California's  Central  Valley  demonstrates  mapping 
procedures. 


Natural  Resources  Technology  & 
Engineering 

Testing  &  Instrumentation 

0607  High-Acidity  Sensor 

0608  Predicting  Clear-Air  Turbulence  From  Microwave 
Radiometry — Aircraft  could  predict  and  avoid  Turbu- 
lence. (Licensing  Opportunity) 

Physical  Sciences 

0609  Making  High-Temperature  Superconductors  by  Melt 
Sintering — Relatively  thick  films  of  oriented  bulk 
superconductive  material  have  been  produces  with 
thicknesses  up  to  1  mm  and  areas  up  to  1  cm2. 
(Licensing  Opportunity) 

061 0  New  Cross-linkable  Polyimides — Methyl  groups 
cross-link  in  air  at  275oC  or  upon  ultraviolet  irradiation 
to  form  insoluble  polyimides.  (Licensing  Opportunity) 

061 1  Polyethylene  Glycol  Propionaldehydes — ^These 
compounds  are  stable  in  water  and  reactive  toward 
amines.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0612  Low  Flow  Rate  Monitor 

0613  SDIO  Lace  Satellite  Scores  Success 

Other  Items  of  Interest 

0593     Making  Conductive  Polymers  by  Arc  Tracking — An 
experimental  technique  takes  advantage  of  a 
heretofore  undesirable  phenomenon.  (Licensing 
Opportunity) 

0595     Pseudomorphic  InxGal -xAs  Surface-Emitting 
Lasers — Light  can  be  deflected  out  through  the 
substrate,  if  necessary.  (Licensing  Opportunity 

Transportation  &  Components 

0614  Modification  of  a  Communication  Switch  in  a  Heli- 
copter — The  pilot  could  pay  more  attention  to  flight 
control  during  critical  maneuvers. 

0615  Nonlinear  Maneuver  Autopilot — Trajectory-control 
laws  are  based  on  singular-perturbation  theory  and 
nonlinear  dynamical  modeling. 

Testing  &  Instrumentation 

0616  Optical  Detection  of  Ice  on  a  Helicopter  Rotor — Ice 
would  alter  the  polarization  of  reflected  light. 

0617  Simplified  Modeling  of  a  Helicopter — A  mathematical 
model  with  minimum  complexity  is  developed. 
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0529  Good  Fats  Don't  Diminish  'Good'  Cholesterol 

0530  Improved  Herbicides 

0531  Using  Satellite  Data  To  Map  Crops— An  inventory  of  California's  Central 
Valley  demonstrates  mapping  procedures. 


Research  Technology 

Agricultural  Research  Service 

^    U.S.  Department  of  Agriculture 


Good  Fats  Don't  Diminish  'Good'  Cholesterol 


If  you're  trying  to  eat  less  saturated 
fat,  and  you're  opting  for  heart- 
healthy  polyunsaturates  instead, 
here's  good  news  from  ARS  researchers. 

A  recent  study  at  the  Western 
Human  Nutrition  Research  Center 
suggests  that  polyunsaturates — the 
kind  found  in  com  oil  margarine,  for 
example — don't  lower  your  levels  of 
the  good  HDL  cholesterol. 

The  finding  comes  from  tests  of  1 1 
healthy  middle-aged  men  who  volun- 
teered at  the  San  Francisco  center. 

James  M.  lacono,  center  director, 
and  chemist  Rita  M.  Dougherty 
conducted  the  3-month  study.  They 
say  that  although  their  conclusion 
agrees  with  findings  of  some  experts,  it 
conflicts  with  others  that  have  suggest- 
ed that  the  highly  touted  polyunsatu- 
rates may  reduce  good  cholesterol. 

"Although  there  was  a  dip  in  HDL's 
at  the  midpoint  in  our  study,"  lacono 
notes,  "HDL  levels  went  back  up  by 
the  end  of  the  experiment." 

HDL's,  or  high-density  lipoproteins, 
have  been  linked  with  a  lowered  risk  of 
arteriosclerosis  (hardening  of  the 
arteries).  The  so-called  bad  cholester- 
ol, or  low-density  hpoprotein,  is 
blamed  for  higher  risk  of  heart  disease. 
HDL  and  LDL  are  typically  measured 
in  the  comprehensive  blood  test  usually 
included  in  yearly  physical  exams.  A 
total  cholesterol  of  200  or  less  and  an 
HDL  level  of  above  45  are  generally 
recommended. 

For  part  of  the  San  Francisco  study, 
volunteers  followed  the  eating  guide- 
lines recommended  by  the  American 
Heart  Association — fats  were  no  more 
than  30  percent  of  the  day's  calories. 
Each  type  of  fat — saturated,  monoun- 
saturated,  and  polyunsaturated — made 
up  about  10  percent  of  the  day's  total 


SCOTT  BAUER 


Center  director  James  tacono  discusses  food 
weighing  procedures  with  laboratory 
assistant  Jan  Thomson.  (K-4275-2) 


calories.  Then,  to  pinpoint  any  effects 
the  polyunsaturates  might  have  on 
HDL  cholesterol,  lacono  and  Dougher- 
ty lowered  levels  of  polys  to  3.8 
percent  for  part  of  the  sUidy 

"Neither  the  3.8  nor  the  10  percent 
levels  of  polyunsaturates  lowered  HDL 
cholesterol  for  more  than  about  2 
weeks,"  says  lacono.  "In  our  new 
studies,  we're  looking  for  an  explana- 
tion of  why  other  researchers  concluded 
that^ol^unsaturates  lowered  HDL's." 

The  ARS  scientists  relied  on 
practical  menus  with  typical  foods  that 
taste  good  and  were  easy  to  buy  and 
prepare,  yet  were  low  in  fat.  Menus 
included,  for  instance,  ham,  turkey, 
meatloaf,  baked  fish,  spaghetti, 
lasagna,  or  other  familiar  fare. 

"Lowering  the  fat  in  your  meals  is 
often  simply  a  matter  of  making  easy 
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Biological  laboratory  technician  Elizabeth  Denvir  extracts  samples  for  total  lipid  and  fatty 
acid  composition.  (K-4276-3) 


substitutes  at  the  supermarket  or 
perhaps  changing  some  of  the  ways 
you  cook,"  says  Dougherty.  "You  can 
cut  fat  calories  if  you  trim  visible  fat 
off  meat  or  choose  lean  meats  and 
poultry.  Or  switch  to  low-fat  or  nonfat 
dairy  products  like  skim  milk  or  low- 
fat  yogurt  and  reduced-fat  sour  cream. 
"Instead  of  using  butter  for  cooking 
or  at  the  table,"  she  adds,  "choose 


polyunsaturated  margarine  like  a 
vegetable-oil-based  spread." 


James  M.  lacono  and  Rita  M. 
Dougherty  are  with  the  USDA-ARS 
Western  Human  Nutrition  Research 
Center,  P.O.  Box  29997,  Presidio  of 
San  Francisco,  CA  94129.  Phone 
(415)  556-9697.     ♦ 


Technology  Application 


Argonne  National  Laboratory 


Improved  Herbicides 


Argonne  National  Laboratory  re- 
searchers have  recently  identified  a 
quinone,  vitamin  Kl,  in  one  of  the  two 
fundamental  photochemical  centers  of 
green  plimts.  The  location  of  vitamin 
Kl  may  represent  a  new  site  for  her- 
bicide treatment,  f>ossibly  opening  new 
avenues  to  improved  herbicide  effec- 
tiveness for  agricultural  purposes. 

The  role  of  quinones  in  the  primary 
photochemical  reactions  of  photosyn- 
thetic  bacteria  is  well  known.  The  par- 
ticipation of  quinones  in  the  reaction 
of  green  plant  photosynthesis,  how- 
ever, is  not  as  well  defined. 

Because  the  two  processes  are  similar, 
photosynthetic  bacteria  provide  a  point 
of  reference  to  better  understand 
green  plant  photosynthesis.  For  ex- 
ample, the  protein  housing  of  the 
labile  quinone  in  the  bacterial  system 
is  the  site  where  many  commercially 
important  herbicides  attach  and  inter- 
rupt photosynthesis.  Thus,  the 
quinone  vitamin  Kl  pxKket  of  green 
plants  may  provide  a  new  herbicide 
binding  site. 

Scientists  at  Argonne  have  developed 
a  simple  process  that  replaces  vitamin 
Kl  in  the  machinery  of  green  plant 
photosynthesis.  This  technique  will 
make  it  possible  to  imderstand  the 
detailed  function  of  vitamin  Kl  In 
plant  photosynthesis  and  could  lead  to 
the  duplication  of  green  plant 
photosynthesis  in  the  laboratory. 

The  primary  reactions  of  photosyn- 
thesis capture  hght  from  the  sim  for 
conversion  into  useful  chemical  energy. 
In  the  first  part  of  this  process,  solar 
energy  is  absorbed  by  a  molecular  sys- 
tem    made     from     deeply     colored 


chlorophyll  pigment  molecules. 
Rapidly,  this  energetically  rich 
molecular  system  transfers  an  electron 
to  a  series  of  acceptor  molecules, 
resulting  in  efficient  energy  capture 
and  storage.  As  a  result,  sunlight  is 
trapped  in  the  form  of  a  microscopic 
chemical  battery  based  on  electrical 
charge  separation.  Researchers  seek 
to  understand  this  process  so  a  new 
technology  for  solar  energy  utihzation 
may  be  developed. 

Conventional  techniques  to  dislodge 
vitamin  Kl  from  its  protein  housing 
use  harsh  organic  solvents  that  also 
destroy  part  of  the  photosynthetic  ap- 
paratus. 

In  Argonne's  research,  the  vitamin  Kl 
in  intact  protein  particles  can  be 
removed  and  replaced  with  per- 
deuterated  vitamin  Kl  molecules 
(vitamin  Kl  with  all  the  hydrogen 
atoms  replaced  with  deuterium  atoms). 
The  vitamin  Kl  exchange  is  observed 
by  special  techniques  (electron 
paramagnetic  resonance)  highly  sensi- 
tive to  deuterium.  The  vitamin  Kl  re- 
placement, or  exchange,  is  strongly 
temperature  dependent.  For  example, 
exchange  occurs  within  minutes  at  37 
degrees  C,  while  it  is  much  slower  at  4 
degrees  C.  In  addition,  the  exchange 
rate  can  be  greatly  enhanced  by  light 
irradiation,  stiggesting  that  the  chemi- 
cal reactivity  of  the  quinone  is  impor- 
tant for  the  exchange  process,  a  well 
known  fact  for  one  of  the  two  quinone 
acceptors  in  purple  photosynthetic 
bacteria. 


For  more  information,  contact  Marion 
Thumauer,  (708)  972-3545. 


530 


rVIASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Using  Satellite  Data 
To  Map  Crops 

An  inventory  of  California's 
Central  Valley  demonstrates 
mapping  procedures. 

A  report  describes  a  4-year  cooperative 
project  to  deveiop  procedures  for  nnapping 
land  used  to  grow  nnajor  crops  in  Califor- 
nia. The  participants  used  innages  and 
data  from  the  Landsat  Earth-observing 
satellite  as  well  as  ground  survey  data.  The 
U.S.  Departnnent  of  Agriculture  and  the 
University  of  California  acquired  the  sat- 
ellite and  survey  data,  and  the  California 
Department  of  Water  Resources  and 
NASA  processed  the  data. 

The  procedures  were  tested  by  mal<ing 
an  agricultural  land-use  inventory  of  the 
Central  Valley  of  California.  The  inventory 
furnished  a  map  and  estimates  of  acreage 
devoted  to  alfalfa,  almonds,  cotton,  grapes, 
tree  fruits,  walnuts,  and  other  important 


crops.  The  inventory  was  completed  on 
schedule,  demonstrating  the  plausibility  of 
the  approach. 

The  researchers  found,  however,  that 
further  work  is  needed  to  develop  the  data- 
processing  system.  The  data  were  proc- 
essed on  a  network  of  workstations  and 
a  mainframe  computer  Although  the  net- 
work worked  well  for  communication  and 
small-scale  transfers  of  data,  it  was  not 
adequate  —  and  was  not  expected  to 
be  —  for  transferring  large  sets  of  data. 
Unless  a  high-speed  link  is  set  up  between 
the  mainframe  computer  and  the  worksta- 
tions, it  will  be  necessary  to  transfer  data 
on  magnetic  tape.  This  is  likely  to  reduce 
efficiency  and  cause  delays. 

The  report  gives  background  on  the 
project,  describes  the  cooperative  agree- 
ment, discusses  the  procedures  for  the  in- 
ventory (which  occurred  during  the  year 
1985),  analyzes  the  inventory  data,  and 
presents  detailed  conclusions  and  recom- 
mendations for  the  processing  and  use  of 


the  Landsat  and  ground-survey  data.  An 
appendix  lists  the  modules  in  PEDITOR, 
the  software  package  developed  as  part 
of  the  project  and  currently  in  use  by  the 
USDA.  Other  appendices  list  recommen- 
dations that  contributed  to  the  design  of 
the  1985  inventory  and  a  robust  regression- 
estimation  technique  that  was  tested  with 
1985  data. 

This  work  was  done  by  Christine  A. 
HIavka  and  Edwin  J.  Sheffner  of  Ames  Re- 
search Center.  Further  information  may 
be  found  in  NASA  TI^-100073  [N89-13824], 
"The  California  Cooperative  Remote  Sen- 
sing Project:  Final  Report." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700.  ARC-12580/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


531 


Computers 


0532  Ferroelectric  Ram  Developed 

0533  Initializing  Embedded  Data  Processors  From  a  Single  Source — Remote 
processors  are  given  an  image  of  a  startup  diskette  so  that  a  real  local 
diskette  and  drive  are  unneeded. 

0534  Validation  of  Critical  Knowledge-Based  Systems— The  adaptation  of 
techniques  developed  for  the  validation  of  flight  systems  is  discussed. 


>  t 


N 


AVY 

Domestic  Technology  Transfer  Fact  Sheet 


Ferroelectric  Ram  Developed 


The  Dahlgren  Division  of  the 
Naval  Surface  Warfare  Center, 
White  Oak  Detachment,  Silver 
Spring,  Maryland,  has  identified  a 
nonvolative  ferroelectric  random 
access  memory  (FRAM)  using  a 
ferroelectric  storage  capacitor  hav- 
ing hysteresis  states  corresponding 
to  logic  states  where  there  are  no 
half-selects  for  "read"  and  "write" 
addressing.  The  FRAM  is  a  modi- 
fication of  the  dynamic  random 
access  memory  (DRAM).  It  takes 
less  power  than  a  DRAM,  has 
comparable  density,  can  be  made 
radiation-hardened,  and  can  be 
turned  off  without  loss  of  data. 
FRAM's  principle  uses  are  for 
space  and  strategic  applications, 
although  cost  reductions  could  lead 
to  use  in  general  commercial  com- 
puter applications. 

The  memory  element  in  the 
FRAM  uses  a  single  transistor  and 
a  ferroelectric  capacitor.  The 
circuit  (Figure  3)  is  the  same  one 
used  in  a  DRAM  except  that  the 
ferroelectric  material  is  used  in  the 
capacitor,  and  the  top  of  the  capaci- 
tor is  active.     The  ferroelectric 


Drive  Line 
Ferroelectric  Capacitor 


Select  Line 


o. 


Bit  Line 


Figure  3.  Circuit 


capacitor  is  written  to  with  a 
charging  voltage,  and  the  capaci- 
tor retains  the  hysteresis  state 
even  after  the  charge  has  dissi- 
pated. The  read  is  accomplished  by 
application  of  a  voltage  sufficient 
to  switch  the  hysteresis  state, 
which  requires  a  charging  current. 
The  resulting  current  from  the 
read  voltage  will  be  different  for 
each  of  the  two  hysteresis  states. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  170304/rN 
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Initializing  Embedded  Data  Processors  From  a  Single  Source 

Remote  processors  are  given  an  image  of  a  startup  diskette 
so  that  a  real  local  disl<ette  and  drive  are  unneeded. 


An  initial-computer-program-loading 
system  provides  startup  information  to  all 
embedded  data  processors  (EDP's)  in  a 
general-purpose  computer  system.  Initial 
program  loading  makes  it  unnecessary  to 
include  a  floppy-disk  attachment  in  each 
remote  EDP  to  furnish  startup  information; 
instead,  remote  EDP's  can  be  "booted 
up"  from  a  single  EDP  over  the  data  bus  of 
the  computer  system.  The  system  is  there- 
fore less  complex,  and  the  equipment 
costs  less. 

An  additional  benefit  is  that  initial  pro- 
gram loading  tests  the  bus.  If  the  boot-up 
program  is  transmitted  correctly,  the  bus  is 
assumed  to  be  operating  properly. 


One  of  the  EDP's  in  the  general-purpose 
computer  receives  its  boot-up  information 
from  a  local  mass-storage  device.  Once  it 
is  initialized,  it  sends  the  boot-up  informa- 
tion to  the  other  EDP's  in  the  system. 

When  power  to  the  general-purpose 
computer  goes  on,  the  EDP's  are  ener- 
gized simultaneously.  They  go  through 
their  power-on  self-tests.  The  EDP  that  is 
equipped  with  mass  storage  brings  up  its 
operating  system  from  its  disk.  It  starts  a 
remote-initial-program-loading  server  pro- 
gram, which  broadcasts  a  message  to  in- 
form remote  EDP's  that  it  is  available.  The 
remote  EDP's  send  diskette-read  requests 
to  the  server,  which  sends  the  requested 


information  to  them.  When  their  .operating 
systems  are  fully  loaded,  their  diskette- 
image  files  appear  to  the  remote  EDP's  as 
if  they  were  real  diskettes  in  real  drives. 

If,  for  any  reason,  a  remote  EDP  is  re- 
booted, it  reissues  its  request  for  startup  in- 
formation. The  remote  initial  loading  pro- 
gram retransmits  the  information. 

This  work  was  done  by  Edward  A. 
Chavez,  John  J.  D'Ambrose,  Richard  D. 
Petras,  and  Michael  R.  Turner  of  Inter- 
national Business  Machines  Corp.  for 
Johnson  Space  Center. 
MSC-21647/TN 
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National  Aeronautics  and 
A  Space  Administration 


Validation  of  Criticai 
Knowiedge-Based  Systems 

The  adaptation  of  techniques 
developed  for  the  validation  of 
flight  systems  is  discussed. 

A  report  discusses  an  approach  to  the 
verification  and  validation  of  knowledge- 
based  systems.  Also  known  as  "expert 
systems,"  these  are  electronic  control  and/ 
or  monitoring  systems  that  include  com- 
puter programs  and  equipment  capable  of 
certain  kinds  of  "learning"  or  adaptation 
to  complicated  situations.  The  report  is 
concerned  mainly  with  the  development 
of  methodologies  for  the  verification  of 
knowledge-based  systems  that  are  critical 
to  flight-research  systems;  e.g.,  fault-toler- 
ant control  systems  for  advanced  aircraft. 
The  subject  matter  may  also  have  some 
relevance  to  knowledge-based  systems 
that  wouia  control  medical  life-support 
equipment  or  commuter  railroad  systems, 
for  example. 

The  author  notes  that  heretofore  con- 
ventional  systems  critical  to  flights  and  to 
the  successes  of  the  missions  of  those 
flights  have  been  verified,  qualified  for 
flight,  and  validated  by  use  of  well-known 
and  well-established  techniques.  These 
techniques  define  the  validation  method- 


ology used  for  such  systems.  The  method- 
ology encompasses  testing,  peer  review, 
abstract  models,  simulations,  and  flight 
validation.  This  methodology  also  relies, 
in  large  part,  on  engineering  judgment  and 
tradition  that  has  evolved  from  experience. 

The  justification  for  the  extension  of 
the  conventional  validation  methodology 
to  knowledge-based  systems  is  the  simi- 
larity of  current  knowledge-based  systems 
to  conventional  systems  in  terms  of  com- 
plexity and  function.  To  verify,  qualify,  and 
validate  knowledge-based  systems,  the 
methodology  used  for  conventional  sys- 
tems must  be  addressed,  and  the  appli- 
cability and  limitations  of  that  methodology 
to  knowledge-based  systems  must  be 
identified.  The  author  presents  an  outline 
of  how  this  approach  to  the  validation  of 
knowledge-based  systems  is  being  devel- 
oped and  used  at  the  Dryden  Flight  Re- 
search Facility  of  the  NASA  Ames  Research 
Center. 

After  presenting  introductory  remarks 
and  definitions,  the  report  proceeds  to  dis- 
cuss a  methodology  for  the  verification 
and  validation  of  conventional,  embedded, 
flight-critical  control  systems.  It  then  dis- 
cusses the  application  of  that  methodology 
to  knowledge-based  systems.  The  valida- 
tion of  a  simple  knowledge-based  system 
is  illustrated  with  the  example  of  the  alti- 


tude-command autopilot  subsystem  of  the 
F-15  airplane.  This  is  followed  by  a  discus- 
sion of  the  limitations  of  validation  meth- 
odology for  knowledge-based  systems. 

The  final  section  of  the  report  offers 
several  conclusions.  One  is  a  list  of  im- 
portant differences  between  conventional 
and  knowledge-based  systems.  Another 
is  a  reiteration  of  a  statement  by  previous 
authors  to  the  effect  that  a  methodology 
for  the  validation  of  fault-tolerant  know- 
ledge-based systems  of  ultrahigh  reliability 
must  be  based  on  a  judicious  combina- 
tion of  logical  proofs,  analytical  modeling, 
and  experimental  testing.  The  report  ends 
with  criticism  of  what  the  author  considers 
to  be  the  mystification  and  obfuscation 
practiced  by  some  developers  and  advo- 
cates of  knowledge-based  systems. 

This  work  was  done  by  Eugene  L  Duke 
of  Ames  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-1 00442 
[N88-25207].  'Application  of  Fiight  Sys- 
tems f^ethodologies  to  the  Validation  of 
Knowledge- Based  Systems." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12427/TN 
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0535  Drop-in  Switches 

0536  Optical  Fiber-to-Channel  Waveguide  Coupler  Developed 

0537  Sonar  Transducers  Calibrated  At  Sea 

0538  Axial-Gap  Induction  Motor  for  Levitated  Specimens— The  motor  does 
not  obscure  the  view  of  the  specimen. 

0539  Broadband  Active  Antenna— The  effective  area  of  a  search  coil  is 
increased.  (Licensing  Opportunity) 

0540  Digital  Synchronous  Demodulator— The  digital  version  offers  greater 
speed,  precision,  and  reliability.  (Licensing  Opportunity) 

0541  Electronic  Control  of  Slow  Rotations — ^A  control  circuit  imitates  a 
conventional  (mechanically  driven)  synchro.  (Licensing  Opportunity) 

0542  Electrically  Isolating  Transmission — Line  Driver — The  transmission  line 
would  be  isolated  from  common-mode  input  and  ground. 

0543  Improved  Analog  Synchronous  Demodulator — Output  ripple  is 
suppressed  without  an  output  filter.  (Licensing  Opportunity) 

0544  Managing  Data  From  Signal-Propagation  Experiments — Data- 
acquisition  hardware  and  software  are  described. 

Testing  &  Instrumentation 

0545  More-Precise  Calibration  of  Polarimetric  SAR — It  is  not  necessary  to 
assume  reciprocity  between  the  transmitting-and  receiving-subsystem 
matrices. 

Software 

0546  Numerical  Arc-Segmentation  Algorithm  for  a  Radio  Conference — 
NASARC  helps  administrations  allocate  geostationary  fixed  satellite 
services. 

0547  Rugged  Low-Resistance  Contacts  to  High-Tc  Superconductors — Gold 
beads  provide  low  electrical  resistance  and  high  shear  strength. 

0548  Two-Pass,  Diode-Pumped  Nd:YAG  Slab  Laser  Head — A  simple  design 
increases  the  efficiency  of  side  pumping. 

Testing  &  Instrumentation 

0549  Computer-Generated  Holographic  Projection  X-ray  Lithography — 
Elegant  new  approach  to  make  circuits  for  semiconductor  industry 


U.S.  Army  Fact  Sheet 


Drop-in  Switches 


Microwave/Millimeter-wave  "drop-in" 
circulators  and  switches  provide  for  a 
simplified  design  structure  operating  at 
frequencies  where  device  parts  be- 
come very  small  and  where  tolerances 
and  impedance  matching  techniques 
present  costly  fabrication  problems. 

Microwave/Millimeter-wave-microstrip 
"drop-in"  circulators  operating  under 
fixed  magnetic  biasing  and  in  switch- 
able  format  have  been  designed  and 
successfully  prototyped  by  Army 
Electronics  Technology  and  Devices 
Laboratory  (ETDL)  technologists  for 
operation  in  both  hybrid  and 
monolithic  circuit  applications  (i.e., 
communications  and  radar  trans- 
ceivers). The  subject  drop-in  devices 
were  designed  to  minimize  potential 
problems  of  tolerances  and  impedance 
matching  while  preserving  the  high 
isolation  and  low  insertion  loss  re- 
quired   over    operating    bandwidths. 


These  devices  can  be  fabricated  into 
an  integrated  or  a  monolithic  circuit 
configuration  and  would  be  fully  com- 
patible with  Microwave/Millimeter- 
wave-Monolithic  Integrated  Circuits 
(MIMIC)  Transmit/Receive  (T/R) 
module  designs  based  on  monolithic 
Gallium  Arsenide  (GaAs)  integrated 
circuit  technology. 

Finalized  development  and  optimiza- 
tion must  be  completed,  and  specific 
military  and  commercial  candidate  ap- 
plications and  users  must  be  identified 
in  both  the  microwave  and  millimeter- 
wave  frequency  regions.  The  final 
product  is  expected  to  be  a  line  of 
switches  and  circulators  that  can  be 
implemented  into  actual  circuit,  sub- 
system and  system  utilization  for  both 
military  and  commercial  applications. 

For  more  information,  contact  Dick 
Stern,  (908)  544-4666. 
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Optical  Fiber-to-Channel  Waveguide  Coupler 
Developed 


Fig\u-e2,  Example  of  concept 


The  Naval  Ocean  Systems 
Center,  San  Diego,  California,  has 
developed  a  method  for  fabricating 
an  end-on  coupling  between  a 
single  mode  optical  fiber  and  a 
thin-film  waveguide  structure 
(Figure  2).  The  end-on  optical 
coupling  of  an  optical  fiber  is  made 
to  an  optical  waveguide  on  a 
waveguide  chip  that  is  mounted  on 
a  base.  A  silicon  chip  is  also 
mounted  on  the  base  and  is 
provided  with  at  least  one  V- 
shaped  groove  that  may  be  coarse 
aligned  with  the  optical  wave- 
guide. Applying  a  UV-curable 
adhesive  in  the  V-shaped  groove 


and  on  an  end  of  the  optical  fiber 
precedes  the  placing  of  the  optical 
fiber  in  the  U-shaped  groove  to 
position  an  overhanging  section 
including  the  end  of  the  optical 
fiber  adjacent  the  optical  wave- 
guide. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  170301/TN 
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Sonar  Transducers  Calibrated  At  Sea 


Scientists  at  the  Naval  Research 
Laboratory's,  Underwater  Sound 
Reference  Detachment  Orlando, 
Florida,  have  developed  a  procedure 
for  the  in  situ  calibration  of  ship's 
sonar  transducers  at  sea.  This  new 
method  of  calibrating  transducers 
on  ships  at  sea  will  provide  the  Navy 
with  a  means  to  prevent  transducer 
degradation. 

This  new  development  provides 
an  up-to-date  knowledge  of  the 
complex  free-field  sensitivity  (or 
response)  of  each  of  the  array 
transducers.  This  knowledge  can  be 
used  to  minimize  or  eliminate  the 
adverse  effects  on  array  perform- 
ance due  to  changes  in  the 
properties  of  one  or  more  trans- 
ducers. 

The  in  situ  calibration  proce- 


dure is  based  on  a  form  of  three- 
transducer  reciprocity  calibration 
that  uses  sound  propagation  factors 
to  accoimt  for  the  influence  of  the 
ship's  structure.  The  receiying  and 
transmitting  properties  of  sonar 
transducers  can  change  with  time. 
This  is  especially  true  when  the 
transducers  are  mounted  on  a  ship's 
sonar  array  and  subjected  to  the 
harsh  ocean  environment. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  170105/TN 
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Axial-Gap  Induction  Motor  for  jjevitated  Specimens 

The  motor  does  not  obscure  the  view  of  the  specimen. 


An  axial-gap  induction  motor  applies 
torque  to  rotate  an  electrostatically  or  elec- 
tromagneticalty  levitated  specimen  of 
metal.  Like  prior  induction  radial-gap  induc- 
tion motors,  it  applies  torque  by  generating 
a  rotating  magnetic  field  that,  in  turn,  gen- 
erates and  interacts  with  eddy  currents  in 
the  specimen.  However,  unlike  a  radial-gap 
induction  motor  (which  has  a  generally 
cylindrical  shape  and  obstructs  access  to 
the  specimen  from  most  directions),  the 
axial-gap  induction  motor  imposes  little,  if 
any,  additional  restriction  upon  access  to 
the  specimen,  beyond  that  already  im- 
posed by  the  levitating  apparatus. 

The  axial-gap  induction  motor  can  be 
placed,  for  example,  under  the  bottom  one 
of  two  levitating  electrodes  (see  Figure  1). 
Possible  applications  include  turning  spec- 
imens for  uniform  heating  under  focused 
laser  beams  and  obtaining  indirect  meas- 
urements of  resistivities  or  of  surface 
tensions  in  molten  specimens.  The  most 
important  advantage  of  the  axial-gap  in- 
duction motor  in  these  applications  is  that 
the  paths  of  laser  beams  and  the  lines  of 
sight  of  optoelectronic  diagnostic  equip- 
ment remain  unobstructed. 

Figure  2  illustrates  the  principle  of  oper- 
ation. The  motor  includes  four  poles,  each 
wound  with  a  separate  coil,  arranged  sym- 
metrically around  a  disk.  Coils  L^  and  Lg 
are  connected  in  series  with  magnetic 
fields  aiding  and  excited  by  a  sinusoidally 
alternating  voltage.  Coils  Lg  and  Lg  are 
connected  and  excited  similarly  by  a  volt- 
age of  the  same  magnitude  and  frequen- 
cy but  at  a  phase  that  leads  or  lags  the 
L.,/L2  voltage  by  ±90°.The  resulting  mag- 
netic field  rotates  at  the  frequency  of  the 
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Figure  1.  This  Electrostatic-Levitation  Apparatus  can  incorporate  an  axial-gap  induction 
motor.  The  motor  can  be  placed  conveniently  under  the  bottom  electrode  so  that  it 
does  not  block  access  to  the  levitated  specimen. 


applied  voltage.  The  direction  of  rotation 
can  be  reversed  by  reversing  the  90° 
phase  difference. 

The  motor  was  tested  with  an  elec- 
trostatically levitated  aluminum  sphere  that 
weighed  about  0.3  g  and  had  an  outside 
diameter  of  0.375  in.  (9.5  mm).  At  an  in- 
put power  of  about  10  W  and  a  driving  fre- 
quency of  200  Hz,  the  sphere  rotated  at 
about  600  rpm  (10  Hz)  in  air  When  the 
levitation  chamber  was  evacuated,  the 
sphere  rotated  somewhat  faster  than  5,000 
rpm  (about  83  Hz). 

This    work    was    done   by   Govind 
Sridharan,  Won-Kyu  Rhim,  Dan  Barber, 
and  Sang  Chung  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-18310/TN 
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Figure  2.  This  Axial-Gap  Induction  Motor 

is  a  two-phase  device  that  produces  a 
rotating  magnetic  field.  One  could  also 
construct  such  a  motor  with  a  greater 
number  of  phases. 
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Broadband  Active  Antenna 

The  effective  area  of  a  search  coil  is  increased. 


The  circuit  shown  in  the  figure  can  be 
regarded  as  an  active  antenna  or,  nnore 
specifically,  an  active  search  coil  (nnag- 
netic-pickup  coil).  The  circuit  can  also  be 
regarded  as  a  descendant  of  the  regen- 
erative detector,  which  was  popular  with 
radio  experinnenters  during  the  1920's.  The 
circuitry  connected  to  the  search  coil  en- 
hances the  current  induced  in  the  search 
coil  by  an  alternating  magneting  field, 
thereby  making  the  effective  area  (for  the 
purpose  of  reception  of  signals)  of  the  coil 
greater  than  its  geonnetric  area. 

Conventional  straightforward  linear 
small-signal  analysis  shows  that  the  com- 
bination of  operational  amplifier  A,  resis- 
tors R^ ,  f?2,  and  R^,  and  capacitor  C  acts 
as  though  it  were  a  negative  inductive 
reactance  in  series  with  a  negative  re- 
sistance. By  suitable  choices  of  the  R^ 
R2,  ^3,  and  C,  this  negative  inductive 
reactance  and  negative  resistance  can  be 
made  slightly  smaller  than  the  positive  in- 
ductive reactance  and  the  positive  resis- 
tance of  the  search  coil,  respectively. 
Therefore,  the  overall  equivalent  circuit  has 
a  net  series  inductive  reactance  and  a  net 
series  resistance  much  smaller  than  those 
of  the  pickup  coil.  As  a  result,  the  voltage 
induced  in  the  coil  by  the  magnetic  field 
gives  rise  to  a  much  larger  current  than 
it  otherwise  would. 

In  effect,  the  circuit  acts  as  though  it 
is  nearly  resonant  over  a  broad  range  of 
frequencies.  To  the  degree  to  which  the 
search  coil  behaves  other  than  as  pure 
constant  inductance  in  series  with  a  pure 
constant  resistance,  the  circuit  departs 
from  the  desired  broadband,  nearly  reso- 
nant response.  In  practice,  to  prevent  in- 
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The  Input  Impedance  presented  to  the 
search  coil  by  the  operational  amplifier 
and  its  associated  components  nearly 
balances  out  the  impedance  of  the  search 
coil.  As  a  result,  fluctuations  in  the  am- 
bient magnetic  field  induce  large  currents 
in  the  search  coil. 


Stability  and  oscillation,  it  is  necessary  to 
choose  the  resistors  and  capacitor  to  pro- 
vide sufficient  reactance  and  resistance 
margins  that  at  all  operating  frequencies 
and  in  the  presence  of  noise,  the  net  resis- 
tance and  reactance  will  always  be  positive. 

In  its  original  application,  the  circuit  is 
intended  to  enhance  and  broaden  the  fre- 
quency response  of  a  search  coil  that  is 
to  be  used  in  the  spectral  analysis  of  weak 
magnetic  fields  from  about  3  Hz  to  about 
3  kHz.  A  typical  search  coil  for  this  applica- 
tion would  consist  of  several  thousand 
turns  of  copper  wire  on  a  ferrite  rod;  it 
would  have  /.  «  2  H  and  fl^  *  50  Q. 
Typical  resistances  and  capacitance  for 
this  application  would  be  R^  «  100  Q,  flg 
=  2  M«,  «3  «  1  Mil,  and  C  *  0.02  /iF. 
The  operational  amplifier  could  be  a  Preci- 
sion Monolithics  OP-77  (or  equivalent)  or 
could  be  replaced  by  another  transistor  or 
vacuum-tube  amplifier.  _ 

This  work  was  done  by  John  F.  Sutton 
of  Goddard  Space  Flight  Center 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13309/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S.  Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R.  Dennis  h^arcltant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 
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Digital  Synchronous  Demodulator 

The  digital  version  offers  greater  speed,  precision,  and  reliability. 


The  digital  synchronous  dennodulator  of- 
fers further  advantages  over  the  improved 
analog  synchronous  demodulator  described 
in  the  preceding  article  (GSC-13179).  Al- 
though the  improved  analog  synchronous 
demodulator,  in  turn,  offers  advantage  over 
conventional  analog  synchronous  demod- 
ulators, its  output  can  include  errors 
caused  by  (1)  imprecise  matching  of  the 
differential  amplifiers,  resistors,  and  ca- 
pacitors, (2)  thermal  drifts  in  the  electrical 
characteristics  of  these  components.  (3) 
switching  transients,  and  (4)  the  charge- 
injection  effect  in  the  capacitors.  In  addi- 
tion, although  the  improved  analog  syn- 
chronous demodulator  can  respond  faster 
to  a  change  in  the  level  of  the  detected 
signal  than  can  a  conventional  analog  syn- 
chronous demodulator,  the  speed  of  its 
response  is  still  limited  by  the  character- 
istic time  of  its  resistor-capacitor  input  fil- 
ters. The  digital  synchronous  demodulator 
largely  overcomes  these  major  remaining 
disadvantages  of  the  improved  analog  syn- 
chronous demodulator. 

The  subsystems  of  the  digital  synchron- 
ous demodulator  include  an  analog-to-digi- 
tal converter,  an  accumulator,  timing  logic, 
a  cycle  counter,  a  clock  (master  oscillator), 
and  two  frequency  dividers  (see  figure). 
The  clock  is  the  same  one  that  is  used  to 
generate  the  periodic  sinusoidal  (carrier) 
signal  to  be  detected,  and  here  the  clock 
signal  is  passed  through  one  of  the  fre- 
quency dividers  to  generate  the  positive/ 
negative  signal,  which  is  a  square  wave 
that  is  positive  or  negative  when  phase  of 
the  carrier  is  0°  to  180°  or  180°  to  360°, 
respectively  The  clock  signal  is  also  passed 
through  another  frequency  divider  to  gen- 
erate the  sampling  pulses.  In  a  typical  de- 
sign, 512  samples  are  taken  during  each 
carrier  cycle. 

The  input  signal  is  processed  by  the 
analog-tCHJigital  converter  at  the  sampling- 
pulse  rate,  and  the  digitized  samples  are 
sent  to  the  accumulator.  The  accumulator 
includes  two  registers.  Operating  under 
the  overall  synchronizing  control  of  the 
clock  signal,  the  timing  logic  causes  the 
accumulator  to  sum  all  the  digitized  sam- 
ples taken  during  the  positive  half  cycles 
of  a  measurement  period  in  one  register 
and  to  sum  all  the  digitized  samples  taken 
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The  Digital  Synchronous  Demodulator  suppresses  ripple  and  other  spurious  outputs.  Unlike 
the  improved  analog  synchronous  demodulator,  it  does  not  depend  on  precise  matching  of 
active  and  passive  analog  components. 


during  the  negative  half  cycles  of  a  meas- 
urement period  in  the  other  register.  A  typi- 
cal measurement  period  might  be  16  car- 
rier cycles. 

A  measurement  period  begins  at  the 
first  sample  in  the  first  positive  half  car- 
rier cycle  that  occurs  after  a  "clear"  signal. 
The  "clear"  signal  sets  the  contents  of  the 
cycle  counter  and  registers  at  zero.  The 
measurement  period  ends  when  the  count 
in  the  cycle  counter  reaches  the  designat- 
ed number;  e.g.,  16.  The  "clear"  signal  can 
be  generated  automatically  and  periodical- 
ly by  another  counter  (not  shown)  or  man- 
ually At  the  end  of  the  measurement  peri- 
od, a  second  arithmetic  logic  unit  in  the 
accumulator  computes  the  difference  be- 
tween the  contents  of  the  positive-  and 
negative-half-cycle  accumulators.  This  dif- 
ference is  the  desired  synchronously  de- 
modulated output. 


Unlike  in  the  improved  analog  synchron- 
ous demodulator,  there  are  no  variations 
in  input  offsets  or  in  the  gains  of  analog 
differential  amplifiers.  The  accumulation 
of  large  numbers  of  samples  reduces  the 
amount  of  error  contributed  by  the  ana- 
log-to-digital converter  and  results  in  a 
higher  precision  measurement.  The  speed 
of  response  is,  of  course,  limited  by  the 
duration  of  the  measurement  period,  even 
thouah  it  is  no  longer  limited  by  resistor- 
capacitor  response  time.  One  could,  of 
course,  decrease  the  measurement  period 
to  increase  speed,  albeit  at  the  price  of 
increased  sampling  error  and  bandwidth. 

This  work  was  done  by  Christopher  t. 
Woodhouse  of  Goddard  Space  Flight 
Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  died. 
Inquiries    concerning   nonexclusive    or 
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Electronic  Control  of  Slow  Rotations 

A  control  circuit  imitates  a  conventional  (mechanically  driven)  synchro. 


A  digital/analog  circuit  (see  figure)  con- 
trols both  the  angular  position  and  the 
speed  of  rotation  of  a  nnotor  shaft  with  high 
precision.  The  circuit  was  designed  in  re- 
sponse to  a  need  to  lock  the  angular  posi- 
tions of  two  instrument  shafts  180"  apart 
while  the  shafts  rotate  at  the  precisely 
comnnanded  rotational  frequency  of  0.25 
Hz.  The  circuit  or  a  modified  version  of  it 
could  be  used  to  control  precisely  the  posi- 
tion and  velocity  of  a  robotic  manipulator, 
to  control  the  translation  mechanism  of  a 
crystal-growing  furnace,  to  position  the 
hands  of  a  mechanical  clock,  or  to  con- 
trol the  angular  position  and  rate  of  rota- 
tion in  any  of  a  large  variety  of  rotating  me- 
chanisms. 

The  overall  function  of  the  circuit  is  to 
lock  the  angular  position  of  the  motor  to 
the  phase  of  a  rotation-command  clock 
signal  at  a  binary  submultiple  of  a  master 
clock  signal.  A  crystal  oscillator  provides 
the  master  clock  signal,  which  has  a  fre- 
quency of  4,194,304  Hz.  This  clock  signal 
is  fed  to  a  frequency-dividing  and  -multi- 
plying circuit  that  puts  out  eight  selectable 
signals  at  binary  submultiple  frequencies 


from  256  to  32,768  Hz.  One  of  these  — 
the  4,096-Hz  signal  —  is  conditioned  to 
provide  a  stable  4,096-Hz  square,  sinu- 
soidal, triangular,  or  other  waveform,  from 
-10  to  -1-10  V,  that  serves  as  a  carrier 
signal. 

The  eight  selectable  signals  are  used 
to  control  the  rate  of  rotation  of  the  motor 
The  selected  signal  is  fed  into  a  12-bit 
counter,  the  output  of  which  is  used  to  ad- 
dress two  electrically  programmable  read- 
only memories  (EPRGM's).  Both  EPROM's 
act  as  "lookup  tables";  one  contains  digi- 
tized sine  information,  while  the  other  con- 
tains digitized  cosine  information.  As  the 
counter  increments,  the  sine  and  cosine 
information  is  passed  to  digital-to-analog 
converters,  which  put  out  sine  and  cosine 
waves  at  a  frequency  that  corresponds  to 
the  desired  rate  of  rotation. 

The  sine  and  cosine  waves  are  multi- 
plied by  the  carrier  signal.  The  product  sig- 
nals are  used  to  excite  a  resolver:  these 
are  the  same  as  the  signals  that  would  be 
provided  by  a  mechanically  driven  synchro 
(selsyn  generator)  in  a  standard  synchro/ 
resolver/fol lower  combination.  The  output 


of  the  resolver  is  demodulated  from  the 
carrier  frequency  to  provide  the  error  sig- 
nal that  indicates  the  difference  between 
the  commanded  and  actual  rates  of  rota- 
tion and  that  is  used  to  control  the  motor 
The  basic  circuit  can  be  modified  in 
several  ways.  The  frequency  of  the  crystal 
oscillator  can  be  changed,  or  the  crystal 
oscillator  can  be  replaced  with  a  voltage- 
controlled  oscillator  to  obtain  a  more  dy- 
namic range  of  commanded  rotational 
rates.  The  motor  can  easily  be  command- 
ed to  a  fixed  position  by  stopping  the  clock 
when  the  EPROM  address  counter  holds 
the  count  that  corresponds  to  the  desired 
angular  position.  An  EPROM  of  greater  ca- 
pacity can  be  used  to  increase  the  defini- 
tion of  the  digitized  sine  and  cosine  infor- 
mation, thereby  obtaining  better  angular 
accuracy  Greater  accuracy  can  also  be 
obtained  by  use  of  digital-to-analog  con- 
verters of  higher  resolution.  (The  number 
of  output  data  lines  from  the  EPROM's 
must  equal  the  number  of  input  data  lines 
to  the  digital-to-analog  converters.)  The 
direction  of  rotation  can  be  commanded 
by  replacing  the  12-bit  counter  with  a  12-bit 
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The  Shaft-Position  and  -Speed  Controller  generates  signals  for  the  precise  control  of  slow  rotations  of  a  motor  equipped  with  a  resolver 
(a  device  that  puts  out  sine  and  cosine  signals  indicative  of  the  angular  position). 
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up/down  counter  and  toggling  the  up/down 
control  line. 

Other  than  the  equipment  already  nnen- 
tioned,  no  additional  motor,  synchro,  or  re- 
lated electrical  and  mechanical  equipment 
normally  used  in  synchro/resolver/follower 
systems  is  required.  The  circuit  is  not  vul- 
nerable to  the  drifts  associated  with  many 
analog  components  and  does  not  require 
any  "fine  tuning"  or  adjustments,  as  an 
equivalent  analog  design  would.  The  cir- 
cuit can  be  made  to  control  accurately  the 
rate  of  rotation  of  a  shaft  down  to  1  revolu- 
tion per  day  or  less  by  increasing  the  size 
of  the  EPROM  and  the  resolution  of  the 


digital-to-analog  converters.  This  eliminates 
the  need  for  expensive. and  massive  tach- 
ometers, which  are  normally  used  to  meas- 
ure very  low  speeds  of  rotation.  This  also 
eliminates  such  other  disadvantages  of 
tachometers  as  brush  wear 

This  work  was  done  by  David  E. 
Howard  arid  Dennis  A.  Smitli  of  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rigtits  for  ttie 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-28458frN. 
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Electrically  Isolating  Transmission-Line  Driver 

The  transmission  line  would  be  isolated  from  common-mode  input  and  ground. 


A  proposed  optoelectronic  coupling  cir- 
cuit would  be  used  to  insert  a  signal  in  a 
transmission  line  and  to  isolate  the  trans- 
mission line  from  the  ground  of  the  circuit 
in  which  the  signal  originates.  The  circuit, 
which  could  be  made  from  commercially 
available  components,  would  reduce  the 
susceptibility  to  interference  along  the 
transmission  path. 

The  heart  of  the  circuit  would  be  an  op- 


tically coupled  isolator  (optocoupler)  fed  by 
a  transformer-isolated  power  supply  An 
isolator  driver  on  the  input  side  would  be 
fed  by  a  separate  power  supply  connected 
to  the  input-side  ground  (see  figure). 

The  output  of  the  optocoupler  would  be 
sent  to  a  line  driver  also  fed  by  the 
transformer-isolated  power  supply  An  op- 
tional electrostatic  shielding  enclosure 
connected  to  an  electrostatic  shield  be- 


tween the  windings  of  the  power-supply 
transformer  would  contribute  to  the  overall 
electrical  isolation  and  rejection  of  com- 
mon-mode and  other  interfering  signals. 

This  worK  was  done  ay  Robert  H. 
Marchman  of  Lockheed  Space  Opera- 
tions Co.  for  Kennedy  Space  Center. 
KSC-n393/TN 


Source  of 
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Source  of 
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Analog  or  Digital 
Signal  Containing 
ac  and/or  dc 
Components  to 
Balanced  or 
Unbalanced 
Transmission  Line 


An  Optocoupler  and  a  Transformer-Isolated  Power  Supply  would  assure  the  isolation  of  the  transmission  line  from  the  ground  of  the  signal 
source. 
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Improved  Analog  Synchronous  Demodulator 

Output  ripple  is  suppressed  without  an  output  filter. 


The  output  of  an  inriproved  synchronous- 
demodulator  circuit  contains  little  or  no 
ripple,  yet  does  not  need  an  output  filter 
and  responds  rapidly  to  a  change  in  the 
level  of  the  detected  signal.  Heretofore,  in 
synchronous  demodulators,  these  two  fea- 
tures have  been  mutually  exclusive:  one 
could  low-pass-filter  the  output  signals 
to  suppress  ripple,  but  low-pass  filtering 
slowed  the  response.  The  necessity  to  com- 
promise between  suppression  of  ripple  and 
speed  of  response  is  particularly  disad- 
vantageous where  a  synchronous  demod- 
ulator is  part  of  a  control  circuit,  because 
ripple  contributes  an  erroneous  compo- 
nent to  a  control  signal,  while  slow  re- 
sponse can  give  rise  to  unstable  or  ineffec- 
tive control. 

A  synchronous  demodulator  is  used 
to  detect  a  periodic  signal  that  may  be 
"buried"  in  noise.  In  essence,  a  synchro- 
nous demodulator  includes  an  amplifier, 
the  gain  of  which  is  alternated  between 
a  positive  value  and  a  negative  value  of 
equal  magnitude  by  a  signal  that  is  known 
to  be  synchronous  with  the  periodic  signal 
to  be  detected.  Thus,  its  effect  on  the  de- 
sired periodic  component  of  the  noise- 
corrupted  input  is  that  of  an  amplifier  fol- 
lowed by  a  full-wave  rectifier. 

The  figure  illustrates  one  version  of  the 
improved  synchronous  demodulator.  The 
switch  symbols  represent  electronic  switch- 
ing circuits  that  include  solid-state  elec- 
tronic pass/no-pass  elements  like  junction 
field-effect  transistors  or  complementary 
metal  oxide/semiconductor  transistors. 
Under  control  of  the  synchronizing  clock 
signal,  the  input  switch  feeds  the  noise- 
corrupted  input  to  each  of  terminals  1 
through  4  for  half  a  clock  cycle  in  se- 
quence. (The  full  sequence  takes  two 


Input 


Output 


The  Improved  Ana- 
log Synchronous 
Demodulator  uses 
input  filtering,  differ- 
ential amplification, 
and  synchronized 
switching  in  such  a 
way  that  output  ripple 
is  suppressed  without 
the  needfor an  output 
filter,  and  the  output 
can  respond  rapidly 
(within  a  clock  cycle) 
to  a  change  in  the  level 
of  the  demodulated 
signal. 


clock  cycles.)  During  each  half  cycle  while 
it  is  being  fed  in  through  one  of  these  ter- 
minals, the  input  signal  is  low-pass-filtered 
and  thereby  effectively  averaged  by  the 
combination  of  resistor  R  and  capacitor 
C,  which  are  typically  chosen  so  that  the 
filter  time  constant  RC  «  10  times  the 
clock  period. 

Differential  amplifiers  A^  and  Ag  are 
identical  and  have  input  impedances 
much  greater  than  that  of  R.  Thus,  when 
the  input  is  not  being  fed  into  a  given  RC 
filter,  the  capacitor  C  in  that  filter  acts  as 
a  memory  element,  storing  the  average  of 
the  signal  that  it  received  during  its  most 
recent  input  half  clock  cycle.  During  the 
full  clock  cycle  when  input  is  not  being  fed 
to  terminals  1  and  2,  the  output  of  differen- 
tial amplifier  A.,  thus  becomes,  in  effect, 
a  doubled  version  of  the  synchronously 
detected  signal,  smoothed  by  averaging 
over  the  previous  clock  cycle  during  which 
it  received  input.  Similarly  the  output  of 
differential  amplifier  Ag  becomes  the  de- 
sired output  during  the  next  clock  cycle, 
when  the  input  is  not  being  fed  to  terminals 


3  and  4.  To  pass  the  desired  output  signal 
to  the  external  circuits,  the  output  switch 
makes  contact  with  the  output  terminals 
of  A.,  and  A^  on  alternate  full  clock  cycles. 

777/s  work  was  done  by  John  F.  Sutton 
of  Goddard  Space  Flight  Center 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center  Refer  to  GSC-13179/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S.  Friedman 
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Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R.  Dennis  Marctiant 
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Greenbelt,  MD  20771 
(301)  286-7351 
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Managing  Data  From 

Signal-Propagation 

Experiments 

Data-acquisition  hardware 
and  software  are  described. 

A  report  discusses  a  system  for  the  man- 
agennent  of  data  from  the  Pilot  Field  Ex- 
periment (PiFEx)  program,  which  con- 
sisted of  a  series  of  experiments  on  the 
propagation  of  signals  from  a  transmitter 
at  one  fixed  location  to  a  transponder  on 
a  tower  at  another  fixed  location  and  from 
the  transponder  to  a  mobile  receiver  in  a 
van.  The  purpose  of  these  experiments 
was  to  simulate  the  signal-propagation 
conditions  of  a  land-mobile/satellite  com- 
munication system. 

The  report  is  in  the  form  of  a  manual 
for  training  a  computer  operator  in  the  use 
of  the  software  component  of  the  data- 
management  system.  It  begins  with  brief 
descriptions  of  the  equipment  and  pro- 
cedures used  in  the  experiments,  the  data- 
acquisition  system,  the  format  in  which  the 
data  were  stored  en  masse  in  the  data- 
acquisition  system,  the  conversion  of  the 
data  to  a  different  format  for  subsequent 
processing,  and  the  transmission  of  the 


data  to  the  minicomputer  that  is  the  hard- 
ware component  of  the  data-manage- 
ment system.  With  the  foregoing  as  back- 
ground, the  report  goes  on  to  provide 
instructions  in  the  use  of  the  data-man- 
agement software. 

The  data  (both  from  originally  digital  and 
from  sampled,  digitized  analog  signals)  are 
arranged  in  four  sets.  The  first  set,  called 
"propagation  data,"  includes  the  in-phase 
and  quadrature  voltages  of  the  reference 
and  pilot  channels.  The  second  set,  called 
"loop  data,"  pertained  to  the  dynamic  and 
static  errors  of  the  phase-lock  loop  of  the 
receiver.  The  third  set,  called  "antenna 
data,"  contains  normalized  differences, 
logarithms  of  sums,  and  temperatures.  The 
fourth  set,  called  "digital  data,"  includes 
azimuthal  positions  of  the  antenna  on  the 
van,  data  from  a  gyroscope,  and  the  speeds 
of  the  van.  The  fourth  set  also  includes  a 
file  called  "spare  data"  for  future  addition 
of  digital  sources. 

The  four  sets  of  data  acquired  during 
each  2.5-minute  interval  are  grouped  to- 
gether into  a  file  in  ASCII  format,  and  the 
collection  of  such  files  constitutes  the  data 
transferred  en  masse  to  the  minicomputer. 
The  data-management  system  automati- 
cally divides  the  mass  of  data  into  individ- 
ual files  from  each  experiment.  The  soft- 


ware includes  programs  in  the  FORTRAN 
and  C  languages  that  process  data  into 
quantities  useful  in  assessing  the  results 
of  the  experiments.  Available  outputs  in- 
clude the  following: 

•  The  probability,  as  a  function  of  the  signal 
level,  that  the  signal  wW  exceed  that  level; 

•  The  probability  density  of  a  given  signal 
level  as  a  function  of  the  level,  and  a 
least-squares  fit  to  the  proper  Rician  den- 
sity function; 

•  The  frequency  of  occurrence  of  fades 
of  a  given  duration  as  a  function  of  the 
duration; 

•  A  downloadable  file  of  signal  levels  and 
phases  as  functions  of  frequency  or  time 
for  conversion  into  graphical  output  via 
the  AKPLOT  routine;  and 

•  The  Fourier  transform  of  the  first  1,024 
samples  of  a  designated  input  data  file. 
This  work  was  done  by  Anil  V.  Kantal< 

of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Unix-Based  Data  Manage- 
ment Systenn  for  ttie  t^obile  Satellite 
Propagation  Experiment." 
NPO-17411/TN 
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More-Precise  Calibration  of  Polarimetric  SAR 

It  is  not  necessary  to  assume  reciprocity  between  the  transmitting-  and  receiving-subsystem  matrices. 


An  algorithm  for  the  calibration  of  polari- 
nnetric  synthetic-aperture-radar  (SAR)  data 
in  the  Stokes-matrix  representation  is  more 
nearly  exact  than  is  a  prior  algorithm  that 
extracts  calibration  parameters  from  the 
SAR  image  of  a  natural  scene  plus  trihe- 
dral corner  reflectors  in  the  scene.  In  the 
derivation  of  the  prior  algorithm,  it  was  as- 
sumed that  the  T  and  R  matrices  that 
represent  the  effects  of  the  transmitting 
and  receiving  subsystems,  respectively,  of 
the  radar  system  are  reciprocal;  in  the 
derivation  of  the  present  algorithm,  this 
assumption  is  not  made. 

Neglecting  second-  and  higher-order 
terms  in  the  crosstalk  between  the  various 
channels  of  the  radar  system,  the  present 
algorithm  yields  an  exact  Stokes-matrix 
calibration.  The  present  algorithm  resem- 


bles the  prior  algorithm  closely,  except  that 
it  requires  (1)  the  extraction  of  one  addi- 
tional parameter  from  the  high-resolution 
raw  SAR  data  in  the  scattering-matrix  for- 
mat before  compression  and  transforma- 
tion to  the  Stokes-matrix  format  and  (2)  a 
slight  change  in  the  subalgorithm  that 
compresses  those  data. 

The  additional  parameter  is  a  ratio  that 
expresses  the  amplitude  imbalance  be- 
tween the  HV  and  VH  channels  (where  H 
and  V  denote  horizontal  and  vertical  polar- 
ization, respectively;  the  first  of  these  let- 
ters in  each  pair  denotes  the  nominal  po- 
larization of  the  receiving  channel,  and  the 
second  denotes  the  nominal  polarization 
of  the  transmitting  channel).  The  use  of  this 
parameter  reduces  the  number  of  inde- 
pendent variables  in  the  calibration  prob- 


lem from  six  to  four,  two  of  which  are  the 
crosstalk  terms.  This  result  applies  equally 
in  the  high-resolution  (scattering-matrix) 
and  compressed  (Stokes-matrix)  formats. 

The  amplitude-imbalance  parameter  is 
supplied  in  the  data  header,  prior  to  com- 
pression. When  the  compressed  data  are 
generated  in  this  way,  the  more-nearly- 
exact  solution  to  the  calibration  problem 
can  be  implemented  easily.  This  solution 
is  robust  in  the  presence  of  nonreciproci- 
ty  of  R  and  T,  high  crosstalk,  and  poor 
balancing  of  channels  —  conditions  that 
can  give  rise  to  significant  errors  when  the 
prior  algorithm  is  used. 

This  work  was  done  by  Anthony 
Freeman  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.        NPO-18267rTN 
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Numerical  Arc-Segmentation 
Algorithm  for  a  Radio 
Conference 

NASARC  helps  administra- 
tions allocate  geostationary 
fixed  satellite  services. 

The  NASARC  computer  program  was 
developed  from  the  general  planning  prin- 
ciples and  decisions  of  both  sessions  of 
the  World  Administrative  Radio  Conference 
on  the  Use  of  the  Geostationary  Satellite 
Orbit  and  on  the  Planning  of  Space  Ser- 
vices Utilizing  It  (WARC-85  and  WARC-88). 
NASARC  was  written  lo  help  countries 
satisfy  requirements  for  nationwide  fixed- 
satellite  services  from  at  least  one  orbital 
position  within  a  predetermined  arc. 

Each  of  the  predetermined  arcs  gen- 
erated by  NASARC  is  based  on  a  common 
arc  segment  visible  to  a  group  of  compati- 
ble service  areas  and  provides  a  means 
of  generating  a  highly  flexible  allotment 
plan  with  a  reduced  need  for  coordination 
among  administrations.  The  selection  of 
particular  groupings  of  service  areas  and 
their  associated  predetermined  arcs  is 
made  according  to  a  heuristic  approach, 
using  several  figures  of  merit  designed  to 
confront  the  most  difficult  allotment  prob- 
lems. NASARC  attempts  to  select  group- 
ings and  sizes  of  predetermined  arcs  so 
that  the  requirements  of  all  administrations 
are  met  before  the  available  orbital  arc  is 
exhausted.  The  predetermined  arcs  allow 
considerable  freedom  of  choice  in  the  po- 
sitioning of  space  stations  for  all  members 
of  any  grouping. 

The  approach  to  planning  allotments 
for  which  NASARC  was  designed  involves 
two  phases.  In  the  first  phase,  NASARC 
is  used  to  identify  predetermined  arc  seg- 


ments common  to  groups  of  administra- 
tions. Those  administrations  within  a  group 
and  sharing  a  common  predetermined  arc 
segment  would  be  able  to  position  their 
individual  space  stations  at  any  one  of  a 
number  of  orbital  positions  within  the  pre- 
determined arc.  In  the  second  phase,  a 
plan-synthesizing  program  (such  as  the 
ORBIT  program  resident  at  the  Interna- 
tional Frequency  Registration  Board  in 
Geneva,  Switzerland)  is  used  to  identify  ex- 
ample scenarios  of  specific  placements 
of  space  stations. 

NASARC  software  is  modular  and  con- 
sists of  several  programs  to  be  run  in  se- 
quence. The  grouping  module,  NASARC1, 
identifies  compatible  groups  of  several  ser- 
vice areas  that  are  sufficiently  separated 
geographically  so  that  colocation  or  near 
colocation  of  their  space  stations  will  per- 
mit the  satisfaction  of  a  downlink-perform- 
ance criterion  specified  by  the  user.  Pair- 
wise  compatibility  between  systems  is 
assessed  on  the  basis  of  the  separation 
between  satellites  required  to  meet  this 
criterion. 

NASARC2  examines  all  groups  of  com- 
patible administrations  with  their  corre- 
sponding arc  segments  and  computes  a 
common  predetermined  arc.  After  an  or- 
bital slot  of  sufficient  size  has  been  found, 
NASARC2  calculates  the  required  orbital 
separation  between  the  critical  group  and 
its  potential  east  and  west  neighbors  and 
determines  the  placement  of  the  predeter- 
mined arc  accordingly 

NASARC3  updates  and  extends  the 
feasible  orbital  locations  for  predetermined 
arcs  associated  with  compatible  groups 
of  service  areas  to  provide  flexibility  for 
rearrangement  if  necessary.  NASAFtC4  per- 
forms rearrangement  of  predetermined  arc 
segments  where  rearrangement  will  pro- 


vide increased  total  arc  available  for  sub- 
sequent placement  of  additional  predeter- 
mined arcs  and  produces  the  final  report 
of  the  NASARC  software  paci<age. 

In  addition  to  planning  assumed  ho- 
mogeneous systems,  NASARC  can  take 
into  account  such  factors  as  attenuation 
by  rain,  parameters  of  individual  antennas, 
options  for  calculations  of  powers,  mini- 
mum-power values,  different  required  car- 
rier-to-interface ratios,  variable  grouping 
criteria,  and  affiliated  sets  of  service  areas. 
The  modules  allow  the  modification  of 
baseline  assumptions,  including  some  as 
they  pertain  to  individual  service  areas. 
NASARC  array  dimensions  have  been 
structured  to  fit  within  the  currently  avail- 
able 12-MB  memory  capacity  of  the  Inter- 
national Frequency  Registration  Board 
computer  facility 

NASARC  was  written  in  ANSI  standard 
FORTRAN  77  and  developed  on  an 
AMDAHL  5860  computer  running  under 
the  IBM  VM  operating  system.  The  pack- 
age requires  8.1  MB  of  central  memory. 
NASARC  (version  4.0)  was  written  in  1988. 

IBM  and  VM  are  registered  trademarks 
of  International  Business  Machines. 
AMDAHL  5860  is  a  trademark  of  Amdahl 
Corp. 

This  program  was  written  by  W.A. 
Wtiyte,  Denise  S.  Ponchal<,  A.O.  Heyward, 
John  E.  Zuzek,  and  R.L.  Spence  of  Lewis 
Research  Center.  LEW-14815/TN 
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Rugged  Low-Resistance  Contacts  to  High-Tc  Superconductors 

Gold  beads  provide  low  electrical  resistance  and  high  shear  strength. 


Since  the  new  superconductors  that 
have  high  critical  tennperatures  (J^'s)  are 
ceramics,  the  need  to  nnake  electrical  con- 
tact to  these  novel  materials  presents  a 
challenge.  While  silver-paste  and  pressure 
contacts  can  be  used  to  measure  the  re- 
sistive transition,  the  inability  of  such  con- 
tacts to  carry  large  currents  v\/ithout  being 
destroyed  or  producing  excessive  noise 
makes  them  unsuitable  for  use  in  deter- 
mining large  critical  currents  directly  or  in 
high-current  applications.  Heretofore,  suc- 
cess in  making  low-resistance,  high- 
current  contact  to  high-i^  materials  by  use 
of  gold  has  been  very  limited.  However, 
a  newly  developed  technique  that  involves 
the  use  of  gold  makes  it  possible  to  fabri- 
cate low-resistance  contacts  with  rugged 
connections  to  high-^  superconductors. 

In  the  new  technique,  gold  is  diffused 
into  a  specimen  of  the  superconducting 
material  by  melting  gold  beads  onto  the 
surface  of  the  specimen,  making  strong 
mechanical  contacts.  The  first  step  is  to 
place  small  squares  of  gold  foil  on  the  sur- 
face of  the  specimen,  which  is  typically 
a  shaped  resistivity  specimen  that  has 
been  cut  from  a  pellet  of  the  supercon- 
ducting material  that  has  been  fully  treated 
in  oxygen.  The  specimen  is  heated  to 
1,065  °C  in  air  for  about  1  hour,  during 
which  the  gold  melts  and  diffuses  into  the 
pores  of  the  specimen.  The  specimen  is 
removed  from  the  oven  once  it  has  cooled 
to  about  900  °C. 

At  this  point,  the  gold  bead  that  is  formed 
on  melting  is  slightly  oxidized  and  firmly 
connected  to  the  specimen.  However  the 
contact  resistance  is  quite  high  (of  the 
order  of  kilohms).  Some  of  the  oxygen  has 
been  lost  from  the  specimen  during  heat- 
ing in  the  oven,  and  retreatment  in  oxygen 
is  necessary.  It  is  then  easy  to  solder  ex- 
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This  Scanning  Electron  Micrograph  shows  an  electrical  lead  soldered  to  a  gold  bead  con 
tact  on  a  superconducting  substrate. 

ternal  leads  to  the  beads  by  conventional 
methods,  making  good  electrical  contact 
(see  figure). 

In  a  demonstration  of  the  technique, 
rugged  low-resistance  contacts  were  made 
to  specimens  of  the  high-jr  uperconduc- 


tor  YBagCUgO^.  After  retreatment  of  the 
specimens  in  oxygen,  contact  resistances 
of  less  than  50  fjih  were  measured.  A  direct 
current  of  about  5  A  was  passed  through 
the  contacts,  without  heating,  while  the 
specimen  remained  in  the  superconduct- 
ing state  at  20  K.  The  shear  strength  of 
the  gold  bead  contacts  is  greater  than  that 
of  epoxy  or  silver  paste.  Such  sturdy  con- 


tacts will  be  of  practical  use  in  high-cur- 
rent-carrying applications  of  the  new  high- 
^  materials,  including  superconducting 
magnets,  long-wavelength  sensors,  elec- 
trical ground  planes  at  low  temperatures, 
and  efficient  transmission  of  power 

This  work  was  done  by  Randall  Caton 
and  Raouf  Selim  of  Christopher  Newport 
College,  Charles  E.  Byvik  of  Langley 
Research  Center,  and  A.  Martin  Buon- 
cristiani  of  the  National  Research  Council. 
LAR-13964/TN 
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Two-Pass,  Diode-Pumped  Nd:YAG  Slab  Laser  Head 

A  simple  design  increases  the  efficiency  of  side  pumping. 


A  neodymium/yttrlum  aluminunn  garnet 
(NdYAG)  ring-laser  head  has  been  de- 
signed for  connpactness,  sinnplicity,  and 
increased  efficiency  for  side  pumping  by 
diode  lasers.  The  design  calls  for  a  slab 
(instead  of  a  rod)  of  NdYAG.  Slabs  have 
been  used  before,  but  not  in  so  simple  and 
efficient  a  design. 

The  laser  head  (see  figure)  includes  two 
linear  arrays  of  diode  lasers,  two  fused- 
silica  collimating  rods,  and  the  NdYAG 
slab.  The  slab  is  mounted  on  a  finned  cop- 
per block,  which  provides  good  thermal 
dissipation. 

The  arrays  of  diode  lasers  are  single- 
bar  units  with  output  powers  of  40  W  dur- 
ing 200-^  pulses  (amounting  to  8  mJ  of 
optical  energy  per  pulse).  Each  array  is 
tuned  separately  to  the  pump  wavelength 
of  809  nm  by  adjusting  its  temperature 
with  thermoelectric  coolers  and  control- 
lers. This  wavelength  is  the  peak  absorp- 
tion wavelength  of  NdYAG,  and  so  this 
adjustment  increases  the  pumping  effi- 
ciency significantly 

The  laser  diode  arrays  produce  laser 
pulses  with  a  divergence  angle  of  35°  Con- 
sequently, the  collimating  rods  are  need- 
ed to  couple  these  beams  into  the  small 
lasing  volume.  These  rods  direct  the  light 
into  the  NdYAG  crystal  perpendicularly 
to  the  desired  lasing  axis.  The  diameter 
(2  mm)  and  position  of  the  collimating  rods 
were  chosen  to  collimate  the  beams  to  a 
thickness  of  1.5  mm,  which  equals  the 
maximum  diameter  of  the  single-mode 
NdYAG  laser  beam  according  to  the  cal- 
culations for  the  ring  laser  resonator 

For  maximum  energy-extraction  effi- 
ciency the  NdYAG  slab  was  chosen  to  be 
a  parallelepiped  of  2  by  2  by  10  mm.  All 
six  sides  of  the  slab  are  polished.  The 


This  View  of  the 
Laser  Head  is  along 
the  ring-laser  axis.  The 
double-pass  pump  ge- 
ometry increases  the 
pumping  efficiency. 
The  overall  configura- 
tion simplifies  con- 
struction and  align- 
ment. 


Pump  Beam 


Extraction  Volume 
for  Ring  Laser 

Houselike  Structure 

Containing 

Nd:YAG  Slab  and 

Fused-SIIIca  Rods 


Fused-Silica 
Rod 


Cooling  Fins 


2-by-2-mm  faces  were  coated  for  antire- 
f  lection  at  the  output  wavelength  of  1 ,064 
nm,  two  adjacent  2-by-10-mm  faces  were 
coated  for  antireflection  at  the  pump  wave- 
length of  809  nm,  and  the  remaining  ad- 
jacent 2-by-10-mm  faces  were  coated  for 
high  reflection  at  809  nm.  The  two  adja- 
cent pairs  of  coatings  provide  two  double- 
pass  pump  paths  at  90°  to  the  ring-laser 
axis  and  90°  to  each  other,  resulting  in  84- 
percent  absorption  efficiency  from  the  col- 
limated  pump  beams.  Overall,  the  lasing 
energy  stored  in  the  NdYAG  slab  is  com- 
puted to  be  about  3.6  mJ  per  pulse. 

Because  the  diodes  can  be  run  at  a 
maximum  pulse-repetition  rate  of  only  100 
Hz,  the  maximum  duty  cycle  is  only  2 


percent.  Therefore,  the  circulation  of  air 
provides  sufficient  cooling  for  the  slab- 
mount  assembly  The  laser-diode  arrays 
are  mounted  on  copper-plate/thermoelec- 
tric-cooler stacks,  which  are  then  mount- 
ed on  45°  surfaces  of  an  aluminum  base 
with  heat-dissipating  fins.  The  complete 
assembly  occupies  an  area  of  less  than 
3  by  7  inches  on  an  optical  table  A  smaller, 
single-unit  laser  head  is  under  construc- 
tion due  to  the  low  heat-dissipation  re- 
quirements and  efficient  pumping  scheme. 
This  work  was  done  by  D.  Barry  Coyle 
of  Goddard  Space  Flight  Center 
GSC-13380/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  6210100  Ext  241 

REFER  TO  THE  NUfvlBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


548 


Lawrence  Berkeley  Laboratory 


O^tv  n^tchnologxj  !Announctimnt 


Computer-Generated 
Holographic  Projection  X-ray  Lithography 

Elegant  netf  approach  to  m,dke,  circuits  for  semiconductor  industry 


L 


'awrence  Berkeley  Laboratory  (LBL)  researchers  have  developed  a  unique  projection  x-ray 
lithography  technique  for  manufacturing  integrated  circuits.  A  computer-generated  hologram  is 
used  "in-line  "  to  project  the  desired  image  on  to  a  wafer.  The  hologram  is  the  sole  optical  compo- 
nent.   It  replaces  conventional  mask  and  projection  optics  devices.  An  algorithm  is  used  to  create 
the  hologram,  eliminating  unwanted  signals  normally  present  as  systematic  errors  in  holographic 
images.  LBL's  holographic  image  is  projected  using  a  conventional  x-ray  source  with  a  fractional 
band  width  of  1/20  that  is  otherwise  identical  to  sources  used  for  x-ray  proximity  printing.  An 
advantage  of  LBL's  new  system  for  microcircuit  fabrication  is  its  relative  immunity  to  contamina- 
tion. The  characteristics  of  holographic  x-ray  lithography  that  make  it  attractive  for  semiconductor 
manufacturing  include  high  resolution,  process  latitude,  good  depth  of  focus,  defect  tolerance,  and 
high  wafer  throughput. 


Applications 

♦  Semiconductor  industry 

Advantages 

♦  High  immunity  to  contami- 
nation means  increased 
semiconductor  yields — 
reduced  manufacturing 
costs. 

♦  High  fidelity  image — 
excellent  resolution  and 
contrast. 

♦  Increased  applicability  as  a 
large-scale  manufacturing 
tool  for  integrated  circuits. 
X-rays  are  expected  to  be 
used  more  as  trends  con- 
tinue toward  higher  densi- 
ties and  miniaturization  (less 
than  0.25  micrometer). 


♦  This  technology  is  compat- 
ible with  current  proximity 
printing.  It  eliminates 
problems  of  diffraction 
blurring  and  contamination 
from  a  conventional  mask. 

Product/Market 

♦  Potential  to  effectively 
capture  a  huge  part  of  the 
future  semiconductor 
market. 

♦  Semiconductor  market  was 
over  $50  billion  in  1989 
(worldwide). 

♦  Potential  lithography  device 
share  of  $9.4  billion  semi- 
conductor equipment 
market  ($3.6  billion  US). 


Development  Status 

♦  Next  step  requires  one  fiill 
time  employee  to  develop 
test  of  small  size  holograms. 

♦  Potential  ability  to  manufac- 
ture a  prototype  in  six 
months  to  a  year. 

♦  Patent  pending 

♦  Ready  to  license 


For  further  information  contact 

Technology  Transfer  Department 

Lawrence  Berkeley  Laboratory 

1  Cyclotron  Road,  MS  90-1070 

Berkeley,  CA  94720 

ph:  510/486-6467 

fax:  510/486-6457 
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0550  New  Yeast  Simplifies  Biomass-to-Ethanol  Process 

0551  Thermodynamic  Aspects  of  Heat-Pipe  Operation — A  new  analysis 
shows  why  many  heat  pipes  have  not  performed  as  well  as  expected. 


Other  Items  of  Interefit 

0564    Lightweight  Radiator  Fin — The  mass  necessary  to  radiate  a  given 
amount  of  power  would  be  minimized. 
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Technology  Application 


National  Renewable  Energy  Laboratory 


New  Yeast  Simplifies  Biomass-to-Ethanol  Process 


NREL  researchers  have  discovered 
that  a  strain  of  yeast  called  Bret- 
tanomyces  custersii  simplifies  a 
process  for  converting  woody 
biomass  to  ethanol. 

B.  custersii  provides  enhanced 
performance  in  simultaneous  sac- 
charification  and  fermentation  (SSF). 
In  this  process,  the  cellulose  in 
biomass  is  broken  down  by  enzymes 
into  cellobiose  and  then  into  glucose, 
which  is  simultaneously  fermented 
into  ethanol  by  microorganisms. 

B.  custersii  performed  as  well  as 
a  mixed  culture  of  the  common 
baker's  yeast  Saccharomyces  cerevisiae 
and  the  yeast  B.  clausenii,  previously 
considered  the  best  candidates  for 
SSF.  But  the  use  of  a  single  organism 
simplifies  the  process. 

The  yeast's  superior  performance 


may  be  due  to  a  higher  tolerance  for 
ethanol  combined  with  the  ability  to 
ferment  both  glucose  and  cellobiose. 
Cellobiose  is  a  powerful  inhibitor  of 
enzyme  action,  and  the  ability  of 
B.  custersii  to  use  this  component 
results  in  improved  performance. 

Continued  research  in  SSF  is 
expected  to  result  in  ethanol  costs  of 
$0.67  per  gallon,  without  subsidies. 


For  Additional  Information: 

Steve  Rubin 

National  Renewable  Energy  Laboratory 

1617  Cole  Boulevard 

Golden,  CO  80401-3393 

(303)  231-7303 

Refer  to  Volume  XIV,  Number  1/TN 


A  new  yeast  called  B.  custersii  performed  as  well  as  a  mixed  culture  of  other  or;^anisms  in  a 
process  that  converts  biomass  to  ethanol.  Here  a  researcher  draios  a  sample  from  the  simul- 
taneous saccharification  and  fermentation  reactor. 
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Thermodynamic  Aspects 
of  Heat-Pipe  Operation 

A  new  analysis  shows 
why  many  heat  pipes 
have  not  performed 
as  well  as  expected. 

A  report  discusses  thermodynamic  as- 
pects of  the  principles  of  operation  of  heat 
pipes.  Heretofore,  designs  of  heat  pipes 
have  been  based  on  a  classical  theory  that 
fails  to  take  account  of  these  aspects. 
Many  heat  pipes  designed  according  to 
the  classical  theory  have  failed  to  perform 
as  well  as  expected,  some  transporting 
heat  at  rates  as  much  as  an  order  of  mag- 
nitude below  design  rates.  This  report 
shows  that  the  thermodynamic  aspects 
account  for  many  of  the  discrepancies. 

In  the  classical  theory,  it  is  assumed 
that  the  flow  of  vapor  in  the  vapor  space 
and  of  liquid  in  the  wick  of  a  heat  pipe  are 
maintained  by  capillary  suction  in  the  wick. 
It  is  also  assumed  that  the  heat  pipe  is 
isothermal  or  nearly  so.  In  the  new  anal- 
ysis, it  is  recognized  that  the  capillary  ac- 
tion assists,  but  does  not  drive,  the  flow 
and  that  the  circulation  of  working  fluid  is 


forced  by  a  pumping  process  based  on  the 
conversion  of  thermal  energy  into  kinetic 
energy  in  a  thermodynamic  cycle.  This 
view  does  not  entail  an  assumption  of  iso- 
thermality;  on  the  contrary  it  is  assumed 
that  the  heat-pipe  pumping  cycle,  like  all 
thermodynamic  cycles,  is  driven  by  dif- 
ferences of  temperature  and,  therefore,  the 
evaporator  end  of  the  heat  pipe  must  be 
hotter  than  the  condenser  end  if  the  heat 
pipe  is  to  transport  heat. 

By  invoking  a  simple  equation  for  the 
vapor  pressure  as  a  function  of  saturation 
temperature  and  using  water  as  an  exam- 
ple of  a  working  fluid,  it  is  shown  that  the 
small  difference  between  the  vapor  pres- 
sures at  the  evaporator  and  condenser, 
which  difference  is  responsible  for  the 
pumping  action,  is  proportional  to  the 
average  vapor  pressure  and  to  the  dif- 
ference between  the  temperatures  at  the 
evaporator  and  condenser.  According  to 
this  proportionality  the  higher  the  vapor 
pressure  is  in  a  given  case,  the  lower  is 
the  temperature  drop  required  to  obtain  a 
pressure  drop  necessary  for  pumping.  This 
finding  is  consistent  with  experience  that 
shows  that  the  same  heat  pipe  contain- 
ing the  same  fluid  can  carry  a  greater  ther- 


mal load  at  a  higher  temperature. 

To  maintain  the  flow  of  liquid  in  the  wick 
from  the  condenser  back  to  the  evaporator, 
it  is  necessary  to  maintain  a  pressure  gra- 
dient that,  in  turn,  requires  a  difference  be- 
tween the  pressures  (and,  therefore,  the 
temperatures)  of  the  liquid  and  vapor  at 
the  same  axial  position  in  the  heat  pipe. 
This,  in  turn,  requires  a  radial  thermal  gra- 
dient, contrary  to  the  classical  assump- 
tions of  isothermal  ity  and  adiabaticity  in 
the  portion  of  the  heat  pipe  between  the 
evaporator  and  condenser.  Only  by  permit- 
ting a  radial  temperature  gradient  com- 
mensurate with  the  pressure  gradient  can 
one  prevent  liquid  from  vaporizing  in  the 
wick.  Thus,  it  is  fortunate  that  the  insula- 
tion that  is  usually  placed  around  this  por- 
tion of  a  typical  heat  pipe  is  not  perfect 
and  usually  allows  the  required  radial  ther- 
mal gradient  to  exist. 

This  work  was  done  by  Robert  Richter 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Thermodynamic  Aspects  of 
Heat  Pipe  Operations."  NPO-18148/TN 


( 
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0553  Cold  Weather  Concreting:  Antifreeze  Admixtures 

0554  Ripper  Bucket  For  Digging  Hard  And  Frozen  Ground 

0555  Water  Jet  System  Could  Deactivate  Battlefield  Land  Mines 

0556  Robotic  Engine  Manifold  Cleaning  Cell  and  Hazardous  Chemical  Rejuvenation 

0557  Autonomous  Frequency-Domain  Identification — A  test  and  data-processing  system  determines  plant 
models  and  uncertainties. 

0558  Cable  Feedthrough  Between  Liquid  Oxygen  and  Ambient — Encapsulant  and  back  pressure  provide 
double  protection. 

0559  Computed  and  Measured  Flow  in  a  Turnaround  Duct — Measurements  indicate  deficiency  in  a 
mathematical  model  of  turbulence. 

0560  Computed  Turbulent  Free  Shear  Flow  of  Air — ^The  standard  k-e  model  of  turbulence  yields  fairly 
accurate  results. 

Software 

0561  Computing  Thermal  Performances  of  Shafts  and  Bearings — A  general,  modular  program  is 
applicable  to  realistically  complicated  systems. 

0562  Dynamic,  High-Temperature,  Flexible  Seals — Stacks  of  ceramic  wafers  conform  to  sealed  surfaces. 
(Licensing  Opportunity) 

0563  Integrated  Scene  and  Graphics  for  Multiple-Camera  Viewing — High  information  content  is  presented 
simple  and  understandably.  (Licensing  Opportunity) 

0564  Lightweight  Radiator  Fin — ^The  mass  necessary  to  radiate  a  given  amount  of  power  would  be 
minimized. 

0565  Liquid/Gas  Separator  Handles  Varying  Loads — A  two-motor  design  enhances  adjustability. 

0566  Metal-to-Composite  Shaft  Splice — A  strong,  lightweight  shaft  is  formed  without  awkward  bolted 
flanges. 

0567  Oscillating-Coolant  Heat  Exchanger — These  devices  might  be  useful  in  situations  in  which  heat 
pipes  are  inadequate.  (Licensing  Opportunity) 

0568  Removing  Solids  From  Supercritical  Water — Salts  and  other  solids  are  separated  via  impingement 
and  filtration. 

0569  Smoke  Generator  for  Studies  of  Vortices  in  Flight — Vortex  cores  and  breakdowns  can  be  located. 
Testing  &  Instrumentation 

0570  Computer-Graphical  Visualization  of  Flow  Fields — Recent  and  anticipated  developments  are 
reported. 

0571  Magnetic  Location  Indicator — A  simple  tool  shows  where  a  magnetic  field  is  most  intense. 

0572  Full-Surface  Phasing  of  a  Segmented  Mirror — Techniques  based  on  physical  and  on  geometrical 
optics  would  be  applied  jointly.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0573  Bioremediation  of  Hydrocarbon-Contaminated  Soil  in  Northern  Climates 

0590      Microencapsulation  of  Biocides  Used  in  Antifouling  Coatings 

0598      Spectral-Content  Readout  of  Stress-Induced  Birefringence — ^The  spectrum  of  transmitted  light 
indicates  stress  in  a  sensor  of  specimen. 

0616      Optical  Detection  of  Ice  on  a  Helicopter  Rotor — Ice  would  alter  the  polarization  of  reflected  light. 
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Fact  Sheet 


COLD  WEATHER  CONCRETING: 
ANTIFREEZE  ADMIXTURES 

PROBLEM 

Concrete  is  the  backbone  of  modem  construction.  Its  strength  is  best  developed  when  it  is  cured  at 
temperatures  between  50°F  and  70°F.  When  placed  during  cold  weather,  concrete  must  be  protected  to 
prevent  damage  from  freezing.  The  protection  procedure  requires  extra  time  and  effort  and  is  usually 
expensive.  Therefore,  concreting  operations  are  often  stopped  in  severely  cold  weather.  Without  using 
extensive  protection,  there  currently  are  no  ordinary  concrete  mixtures  that  can  gain  strength  when  placed 
in  cold  weather. 

SOLUTIONS 

Develop  admixtures  that  will  depress  the  freezing  point  of  water  and  accelerate  the  hydration  of 
cement  at  low  temperature. 

RESULTS 

By  using  chemicals  in  certain  combinations,  it  is  possible  to  prevent  fresh  concrete  from  freezing 
without  detrimental  side  effects.  This  finding  has  spurred  an  interest  in  the  development  of  commercial 
antifreeze  admixtures.  CRREL  began  work  in  FY  92  in  partnership  with  two  private  firms  in  the  CPAR 
program. 

CONTACT 

Charles  J.  Korhonen 
603-646-4338 
FAX  603-646-4640 


April  1992 


CRREL,  72  Lyme  Road,  Hanover,  NH  03755-1290 


US  Army  Corps 
_of  Engineers 

Cold  Regions  Research  & 
Engineering  Laboratory 
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RIPPER  BUCKET  FOR  DIGGING 
HARD  AND  FROZEN  GROUND 

PROBLEM/HISTORY 

Engineer  units  need  the  capability  to  dig  and  excavate  as  part  of  general  operational  and  tactical  activ- 
ities, including  construction  of  fighting  positions  and  obstacles.  Therefore,  digging  seasonally  frozen 
ground  can  be  a  significant  problem  even  for  some  heavy  units,  since  their  most  effective  tool,  the  D-7 
tractor  with  a  ripper,  is  no  longer  available.  Existing  equipment  for  this  task,  the  Small  Emplacement 
Excavator  (SEE)  with  a  standard  bucket,  and  the  Armored  Combat  Earthmover  (ACE),  both  have  prob- 
lems penetrating  frozen  ground. 


SOLUTION 

A  ripper  bucket  of  special  design  and  size  was  selected  from  a  number  of  backhoe  ripper  attachments. 
The  selection  was  based  on  criteria  developed  by  our  engineers  and  used  for  design  and  selection  of  tools 
for  drilling,  and,  in  some  cases,  excavating  frozen  ground. 

During  field  tests,  the  Army  SEE  fitted  with  the  ripper  bucket  excavated  frozen  ground  at  sites  where 
the  frozen  surface  layer  could  not  be  penetrated  using  the  standard  bucket.  Consideration  of  tooth  config- 
uration and  excavation  techniques  also  increased  performance  in  frozen  soils. 

STATUS 

This  effort  has  been  coordinated  with  the  Engineer  School  and  demonstrated  to  troop  units  with  exca- 
vation problems  caused  by  hard  or  frozen  ground.  Arrangements  are  being  made  to  have  a  parts  number 
assigned  to  this  ripper  bucket,  which  we  consider  to  be  a  better  size  for  use  in  frozen  ground  than  the 
wider  one  used  by  the  Marine  Corps. 

CONTACT 

Mr.  Paul  Sellmann  or  Mr.  Nicholas  Collins 

U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory 

72  Lyme  Road,  Hanover,  New  Hampshire  03755-1290 

603-646-4347  or  FTS  561-4347  (Sellmann) 

603-646-4470  or  FTS  561-4470  (Collins) 


March  1992 


CRREL,  72  Lyme  Road,  Hanover,  NH  03755-1290 


US  Army  Corps 
of  Engineers 

Cold  Regions  Research  & 
Engineering  Laboratory 


( 
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P  Technology  Application 


Sandia  National  Laboratory 


Water  Jet  System  Could  Deactivate  Battlefield  Land 
Mines 


A  Sandia  engineer  has  proposed  a  high-pressure 
water  jet  system  that  could  make  former  battlefields 
such  as  those  in  the  Persian  Gulf  and  the  Falkland 
Islands  safer  by  removing  and  deactivating  land  mines. 

Small-orifice,  high-pressure  water  jet  systems  al- 
ready have  many  uses.  They  can  clean  equipment,  cut 
rock,  remove  concrete  from  bridge  decks,  slice  frozen 
foods,  and  cut  gas  relief  holes  in  coal  seams.  Sandia  has 
done  research  for  several  years  into  using  water  jets  for 
advanced  mining  technologies. 

Lawrence  M.  "Mike"  Ford  believes  this  research 
might  be  put  to  use  also  in  clearing  minefields. 

"In  the  Persian  Gulf,  land  mines  are  a  hazard  to 
troops,  civilians,  and  workers  fighting  the  well  fires.  And 
throughout  the  world,  there  are  places  that  are  left 
uninhabitable  because  of  undetected  buried  explosives 
left  over  from  previous  wars,"  Ford  says. 

At  least  one  company  proposing  to  clear  landmines 
in  Kuwait  has  expressed  interest  in  using  a  system 
proposed  by  Ford. 

Ford  says  the  system  could  be  used  to  both  expose 
and  deactivate  buried  mines  as  well  as  explosives  lying 
on  the  surface.  It  could  be  used  in  either  a  combat  or 
non-combat  zone. 

The  system  consists  of  a  water  tank,  pump,  and 
sprayer  mounted  on  a  lightly  armored  vehicle.  If  the 
system  is  to  be  used  where  no  hostilities  exist,  the 
vehicle  could  be  occupied  by  a  driver.  In  a  combat 
situation,  the  \'ehicle  could  be  teleoperated — that  is, 
radio-controlled  by  an  operator  at  a  remote  console. 

The  system  would  work  by  having  the  water  pumped 
through  a  long  barrel  extending  several  feet  in  front  of 
the  vehicle.  At  the  end  of  the  barrel  are  nozzles  that 
could  create  water  jets  with  pressures  ranging  from 
10.000  p.s.i.  to  60,000  p.s.i. 

"If  the  soil  is  soft  enough  to  make  holes  or  trenches 
for  burying  mines,  then  it  can  easily  be  eroded  away  with 
a  water  jet,"  Ford  expiams.  "The  jet  could  be  set  at  a 
lower  pressure  for  this  task,  about  10,000  p.s.i.  Once  the 
mine  is  exposed,  a  smaller  orifice  could   be  used  to 


Concept  for  water  jet  land  mine  deactivation. 

produce  a  higher  pressure  (25,000  to  60,000  p.s.i.).  This 
could  cut  the  mine  apart  and  disrupt  its  mechanisms." 

Ford  says  the  higher  pressures  would  be  sufficient  to 
create  a  cutting  action  that  would  work  on  plastic  or 
wooden-cased  mines,  but  it  probably  would  not  be 
effective  on  steel-cased  mines.  For  those  mines,  the 
larger  nozzle  could  be  used  to  "wash"  the  mine  out  of  the 
path  to  be  cleared.  Even  if  the  mine  were  detonated,  the 
system  is  designed  to  be  far  enough  away  to  protect  it 
from  the  explosion. 

Using  a  122-horsepower  pump  producing  a  10,000 
p.s.i.  stream  of  water  (20  gallons  per  minute),  the  system 
could  clear  an  8-foot-wide  by  100-meter-long  path  to  a 
depth  of  4  inches  in  less  than  15  minutes.  Ford  calcu- 
lates. Higher  pressures  or  multiple  nozzles  would  reduce 
this  time. 

"Using  a  single  nozzle  at  10,000  p.s.i.,  the  total 
amount  of  water  used  would  be  302  gallons,  creating  a 
standing  water  depth  equivalent  to  that  caused  by  a 
moderate  rain  shower.  This  should  not  create  a  problem 
for  tracked  or  wheeled  vehicles,"  Ford  says, 

Morton  L.  Lieberman  is  now  the  countermines 
project  leader  in  the  Advanced  Projects  Depart- 
ment. 

FOR  ADDITIONAL  INFORMATION:  Technical 
Contacts:  Lawrence  M.  Ford  (505)845-8129  and  Morton 
L.  Lieberman  (505)844-5458,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM  87185- 
5800. 
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Reference  Number:  MT92008MH-FEB 


Robotic  Engine  Manifold  Cleaning  Cell 
and  Hazardous  Cliemical  Rejuvenation  - 

General  Atomics 

This  Repair  Technology  (REPTECH)  project  was 
implemented  at  the  Oklahoma  City  Air  Logistics 
Center  (ALC)  Accessories  Division,  Engine 
Manifold  Cleaning  Shop. 

';  PROJECT  PURPOSE 

An  important  part  of  engine  overhaul  is  the  removal 
of  carbon  (coke)  deposits  that  accumulate  on  engine 
manifold  parts.  These  deposits  restrict  fuel  flow  into 
the  combustion  chamber,  severely  affecting  engine 
performance.  The  purpose  of  this  REPTECH 
project  was  to  fully  automate  the  manifold  cleaning 
process  thus  facilitating  the  loading  and  insertion  of 
parts  into  a  hot  cleaning  solution  (potassium 
permanganate  and  sodium  chloride),  as  well  as  the 
retrieval,  rinsing,  drying  and  inspecting  of  parts. 


APPROACH 


The  parts  are  received  from  inventory  and  manually 
installed  on  fixtures  at  workstations  that  are  a  safe 
distance  from  the  chemical  processing  work  cell. 
The  loading  fixtures  move  into  the  cleaning  cell  by 
a  computer  controlled  input  conveyor.  Once  inside 
the  cell  (which  is  off  limits  to  personnel),  the  loaded 
fixture  is  transported  from  the  input  conveyor  into 
the  maintenance-free  cleaning/descaling,  and  wash 
tanks,  and  finally  to  the  output  conveyor  for 
removal  from  the  cell.  The  advanced  pumps, 
designed  for  easy  changeout  and  maintainability, 
deliver  180°F  cleaning  solution  to  the  internal 
sections  of  the  parts  under  high  pressure,  typically 
flowing  in  the  reverse  direction  of  fuel  flow  to 
remove  any  coke  and  scale  particles  that  may 
become  attached. 


PROJECT  BENEFITS 

$1.02  M  annual  savings  to  the  Air  Force. 

100%  elimination  of  hazardous  wastes. 

Maintenance  of  peak  cleaning  effectiveness  at  all 

times. 

Greater  than  95%  reduction  of  material/chemical 

cost. 

Removes  personnel  from  hazardous 

environment. 

3 -fold  increase  in  production  output. 


APPLICATIONS 

Permanganate  solutions  are  widely  used  throughout 
the  DOD  and  industry.  Since  permanganate  is  not 
replaceable  by  less  hazardous  chemicals  in  many 
critical  operations,  rejuvenation  of  the 
permanganate  decreases  waste  disposal  and  material 
costs.  Additionally,  rejuvenation  technology  can  be 
applied  to  such  manufacturing  processes  as  metal 
plating,  addressing  a  diversity  of  chemicals.  This 
project  technology  is  naturally  applicable  to  jet 
engine  overhaul  for  commercial  aircraft. 


PROJECT  STATUS 

This  cell  was  installed  at  Oklahoma  City  ALC  in 
1990. 


Continued  on  reverse  side 
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Reference  Number:  MT92008MH-FEB 


TECHNrCAL  DOCUMENTATION 

Theory  documentation  and  training  manuals  were 
provided  to  OC-ALC.  For  additional  information, 
contact  one  of  the  focal  points  listed  on  the  reverse 
side. 

COMPANY  POINT-OF-CONTACT 

Dr.  Thomas  A.  Lechtenberg 

General  Atomics,  M/S  13/113 

P.O.  Box  85608 

San  Diego,  CA  92138-5608 

(619)455-2651 


GOVERNMENT  SPONSOR 

Wright  Laboratory 
WL/MTPM  (David  See) 
Wright-Patterson  AFB.  OH  45433-6523 
(513)255-5037 

Oklahoma  City  Air  Logistics  Center 

OCALC/LIPEB 

Tinker  AFB,  OK  73145 

(405)  736-7246    DSN  336-7246 

INDUSTRIAL  TECHNOLOGY  OMBUbSMAN 

Wright  Laboratory 
WL/MTX  (Robert  Reifenberg) 
Wright-Patterson  AFB.  OH  45433-6523 
(513)255-7362 


APPROVED  FOR  PUBLIC  RELEASE 

The  purpose  of  the  Technology  Transfer  Bulletin  is  primarily  to  highlight  successful  or  promising  applications  of  industrial  technologies  with 
proven  or  probable  worth  to  industry  and  the  Air  Force.  It  also  provides  a  vehicle  for  airing  initiatives  within  the  Air  Force  hidustrial  Base  Program. 
This  document  provides  an  awareness  of  these  technologies  and  initiatives  to  foster  interaction  between  industry  and  the  Government  to  benefit  the 
defense  industnal  base.  All  comments  concerning  this  document  should  be  addressed  to  WL/MTX( Industrial  Technology  Ombudsman) 
Wright-Patterson  AFB,  OH  45433-6523. 

The  Technology  Transfer  Bulletin  does  not  imply  any  endorsement  or  commitment  by  the  Government  to  procure  given  technology,  process,  or 
product. 

FOREIGN  DISSEMINATION 

Details  regarding  many  manufacturing  technology  programs  (for  example:  MANTECH  and  IMIP)  are  subject  to  special  export  controls.  Therefore, 
follow-up  from  any  foreign  source  should  be  processed  through  embassy  channels  following  normal  procedures  for  request  of  technical  information 
or  technology  transfer. 


fVJASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Autonomous  Frequency-Domain  Identification 

A  test  and  data-processing  system  determines  plant  models  and  uncertainties. 


An  integrated  system  of  nnethods,  digital 
signal-processing,  and  algorithms  identi- 
fies the  parametric  model  of  large,  flexi- 
ble structures.  The  experiments  in  the 
development  of  this  system  have  been 
conducted  on  a  laboratory  model  (see 
figure)  that  is  intended  to  represent  a  large 
space  antenna  or  flexible  spacecraft.  This 
capability  is  also  applicable  to  many  ter- 
restrial systems,  especially  to  the  robust 
control  of  dynamic  plants  and  processes, 
robust  control  of  systems  about  which 
knowledge  is  uncertain  or  incomplete,  de- 
centralized control  systems,  and  know- 
ledge-based control  systems. 

Making  efficient  use  of  excitation  inputs 
from  a  limited  number  of  actuators  and 
outputs  from  a  limited  number  of  sensors 
on  the  structure,  the  system  operates  auto- 
matically on  line  (on  orbit  in  the  spacecraft 
application)  to  obtain  the  information  nec- 
essary to  adjust  a  control  system  to  the  un- 
certain and/or  evolving  dynamics  of  the 
structure.  This  information  includes  the  trans- 
fer functions  of  the  controlled  structure  and 
the  identification  of  a  set  of  mathematical 
models  that  represent  the  structure  with 
acceptable  accuracy  The  identification 
methodology  incorporates  an  output  error 
characterization,  based  on  the  additive  un- 
certainty in  the  mathematical  model  of  the 
plant.  This  characterization  has  been  used 
for  the  analysis  and  synthesis  of  robust 
control  systems. 


Counterweight 


Rib-Root-Arm 
Force  Actuator 
Two-Degree-of-         ^i^/  (One  on  Each  Rib) 

Freedom  Gimbal    Feed  Weight    and  Rib-Root  Sensor 
Assembly  (10  ib)  (On  Four  Ribs  Only) 


This  Antenna  Struc- 
ture has  been  used 
in  experiments  to  de- 
velop the  autono- 
mous identification 
system.  (Different 
versions  of  this  illus- 
tration have  been 
presented  in  prior  ar- 
ticles of  NASA  Tech 
Briefs  about  parts  of 
the  system.) 


Data  on  the  dynamics  of  the  structure 
are  obtained  by  measuring  its  responses 
to  stochastic,  impulse,  sinusoidal,  and/or 
other  excitations.  Spectral  responses  are 
estimated  from  these  data.  Then  a  para- 
metric mathematical  model  of  the  struc- 
ture is  obtained  by  a  process  of  curve- 
fitting  the  estimated  spectra  to  a  rational 
transfer  function.  The  order  of  the  model 
is  then  estimated  in  two  stages:  first,  an 
initial  estimate  of  the  order  is  obtained  by 
use  of  a  product-moment-matrix  test;  se- 
cond, the  optimal  order  in  the  vicinity  of 
this  estimate  is  found  by  making  a  se- 
quence of  curve  fits  with  varying  orders. 
The  optimal  order  is  judged  by  compar- 
ing the  qualities  of  the  output-error  profiles 
for  each  curve  fit.  The  uncertainty  bounds 
needed  for  on-line  robust  control  tuning  are 
estimated  by  use  of  the  cross-spectral 


analysis  of  the  output  error. 

The  results  of  experiments  on  the  anten- 
na model  show  that  the  curve-fitting  algo- 
rithm produces  the  reduced-order  math- 
ematical model  that  minimizes  the  additive 
uncertainty  The  nominal  estimated  trans- 
fer function  and  the  estimate  of  the  ad- 
ditive uncertainty  then  become  available 
for  use  in  optimization  of  the  control  algo- 
rithm for  robust  performance  and  stability. 

This  work  was  done  ty  Edward  Mettler, 
Yeung  Yam,  David  S.  Bayard,  Fred  Y. 
Hadaegli,  Mark  H.  Milman,  and  Robert 
E.  Scheid  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.        NPO-18099/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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IVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Cable  Feedthrough  Between  Liquid  Oxygen  and  Ambient 

Encapsulant  and  back  pressure  provide  double  protection. 


A  cable-feedthrough  tube  between  the 
ambient  air  and  the  interior  of  a  vessel  con- 
taining liquid  oxygen  protects  the  external 
instrumentation  and  the  cable  from  the  ox- 
ygen. The  cable  in  the  tube  is  surrounded 
by  a  potting  compound.  In  addition,  the 
tube  provides  a  flow  of  gaseous  nitrogen 
to  dilute  the  oxidant  and  make  it  harmless 
in  case  of  leakage  through  a  crack  in  the 
potting  compound. 

The  feedthrough  consists  of  two  tube 
sections  joined  by  a  T-fitting  (see  figure). 
To  begin  the  assembly  of  the  feedthrough, 
one  slips  a  tube  section  with  a  90°  bend 
over  the  cable.  Potting  compound  is  in- 
jected into  this  section  as  it  is  heated  from 
the  outside  by  a  heat  gun  to  enable  the  conrv 
pound  to  flow  readily  Injection  is  stopped 
when  the  flowing  compound  appears  at 
the  opposite  end.  One  end  of  this  section 
is  fastened  with  a  nut  and  sleeve  to  the 
vessel  that  is  to  contain  liquid  oxygen;  the 
opposite  end  is  attached  with  a  nut  and 
sleeve  to  a  T-fitting.  Unlike  the  tube,  the  T-fit- 


ting is  not  filled  with  the  potting  compound. 
A  straight  tube  section  is  slid  over  the 
remaining  exposed  part  of  the  cable  and 
filled  with  the  potting  compound.  One  end 
is  bolted  to  the  T-fitting;  the  outer  end  is 
flared  and  vented  to  the  atmosphere  Final- 


k  To  Instrumentation 
in  Vessel  Containing 
Liquid  Oxygen 


ly  the  middle  port  of  the  Tfitting  is  con- 
nected to  a  supply  of  gaseous  nitrogen. 

The  feedthrough  has  been  used  in  liquid 
oxygen  flows  of  18,000  gal/min  (1.1  m^/s) 
at  a  pressure  of  150  lb/in.2  (1.03  MPa)  and 
temperatures  of  -297  °F  (-183  °G).  It 
can  also  be  used  in  such  liquids  as  hy- 
draulic fluid  and  at  temperatures  ranging 
from  -320  to  +200  °F  (-196  to  +93  °C). 

777/s  work  was  done  by  Don  A.  Myers 
of   Rockwell    International    Corp.    for 
Johnson  Space  Center. 
MSC-21785/TN 


Two  Tube  Sections 

joined  by  a  T-fitting 
enclose  an  instru- 
mentation cable. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Tectinology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE  ; 
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National  Aeronautics  and 
Space  Administration 


Computed  and  Measured 
Flow  in  a  Turnaround  Duct 

Measurements  indicate 
deficiency  in  a  matliematical 
nnodel  of  turbulence. 

A  report  presents  a  theoretical  and  ex- 
perimental study  of  the  subsonic  flow  of 
air  in  a  180°-turnaround  duct  of  a  rec- 
tangular cross  section.  The  purpose  of  this 
study  was  to  conduct  a  partial  simula- 
tion of  conditions  similar  to  (but  not  as 
complicated  as)  those  in  the  axisymmetric 
duct  of  the  Space  Shuttle  main  engine. 
This  is  part  of  a  continuing  effort  to  develop 
the  capability  to  simulate  complicated 
turbulent  internal  flows  with  large  curva- 
tures like  those  in  rocket  engines  and 
turbomachinery. 

The  duct  had  a  gap  between  the  inner 
and  outer  walls  of  3.81  cm  and  a  width 
of  38  cm  along  its  entire  length.  The  axis 

•  of  the  bend  was  parallel  to  the  width.  The 
inner  radiusof  the  bend  was  1.91  cm. The 
duct  was  operated  as  part  of  a  wind  tun- 
nel with  a  mean  mach  number  of  0.1 .  Tests 
were  conducted  at  total  pressures  of  1 .2 
and  12  atm  (0.122  and  1.22  MPa)  to  ob- 
tain Reynolds  numbers  (based  on  the 
3.81-cm  gap)  of  10^  and  10^,  respective- 
ly. The  side  (3.8-cm-high)  walls  were  made 
of  transparent  plastic  to  give  optical  ac- 
cess. Inner  windows  incorporated  suction 
slots  to  remove  the  side-wall  boundary 
layers  to  keep  the  flow  as  nearly  two-di- 
mensional as  possible.  The  spatial  distri- 
butions of  mean  and  turbulent  components 
of  velocity  were  measured  with  a  forward- 
scattering,  two-color  laser  doppler  velo- 
cimeter,  but  only  the  mean  velocities  are 
discussed  in  the  report.  Static  pressures 
were  measured  by  a  system  of  electroni- 
cally scanned  pressure  transducers. 


The  flow  was  simulated  by  use  of  the 
INS3D  computer  code,  which  numerically 
integrates  the  Navier-Stokes  equations 
of  incompressible  flow.  The  effects  of  tur- 
bulence were  simulated  by  a  Prandtl-mix- 
ing-length  algebraic  model  of  turbulent 
viscosity.  This  simulation  was  a '  'blind  test" 
for  both  the  computer  code  and  the  al- 
gebraic model  of  turbulence,  in  that  it  was 
performed  without  knowledge  of  any  of 
the  flow  measurements  other  than  the 
upstream  boundary  conditions.  There  was 
no  "tuning"  of  the  model,  the  numerical- 
dissipation  parameters  used  to  stabilize 
the  numerical-integration  scheme  in  the 
computer  code,  the  viscosity  terms,  or  the 
grid  distribution  to  match  the  experimen- 
tal data. 

The  authors  draw  several  conclusions 
from  a  comparison  of  the  computed  and 
measured  flows.  These  conclusions  can 
be  summarized  as  follows: 

1.  The  mean  flow  is  well  predicted  over  the 
first  half  of  the  bend,  since  the  flow  field 
is  mainly  driven  by  the  pressure  field. 

2.  In  the  second  half  of  the  bend  and  down- 
stream, the  boundary  layers  on  most 
surfaces  are  thinner  than  the  computed 
ones.  Apparently,  the  experimental  mix- 
ing lengths  near  the  walls  are  larger  than 
those  of  the  model. 

3.  The  measured  drop  in  static  pressure 
through  the  bend  is  larger  than  the  com- 
puted pressure  drop.  This  result  implies 
that  the  skin  friction  is  larger  than  assumed 
in  the  computation  and  is  consistent  with 
thinner  measured  boundary  layers. 

4.  Separation  occurs  on  the  inner  wall 
near  the  end  of  the  bend,  and  its  size 
and  extent  increase  with  increased  Reyn- 
olds number,  although  the  point  of  sep- 
aration remains  unchanged.  The  com- 
putation shows  the  opposite  trend  with 
Reynolds  number,  predicting  about  the 


right  amount  of  separation  at  the  lower 
Reynolds  number  but  almost  none  at  the 
higher  one.  The  separation  bubble  is  un- 
steady and  unstable,  causing  large  veloci- 
ty fluctuations  in  the  flow  that  persist 
far  downstream. 

5.  Measured  velocity  profiles  downstream 
of  the  bend  retain  "plug  flow"-type 
shapes,  whereas  the  computation  pre- 
dicts an  approach  toward  fully  developed 
channel-flow  profiles. 

6.  The  mixing-length  model  of  turbulence 
fails  to  predict  many  of  the  important 
features  of  the  flow  accurately  To  obtain 
accurate  solutions  it  may  be  necessary 
to  solve  the  time-dependent  three-di- 
mensional Navier-Stokes  equations  and/ 
or  use  turbulence  models  of  higher  order 

7.  Although  time-resolved  pressure  meas- 
urements were  not  made,  the  unsteady 
nature  of  the  flow  in  the  separation  region 
implies  unsteady  pressures  on  the  walls. 
Because  fluctuations  in  pressure  can 
cause  damage,  it  is  important  to  develop 
reliable  and  accurate  means  of  predict- 
ing not  only  the  occurrence  of  separation 
and  the  correct  trend  with  Reynolds 
number  but  also  the  changes  in  the  shape 
of  the  duct  necessary  to  eliminate  such 
separation. 

This  work  was  done  by  DarylJ.  Monson 
and  H.  Lee  Seegmiller  of  Ames  Research 
Center  and  Paul  K.  McConnaughey  of  Mar- 
shall Space  Flight  Center  Further  informa- 
tion may  be  found  in  AIAA  paper  89A-25232, 
"Comparison  of  LDV  Measurements  and 
Navier-Stokes  Solutions  in  a  Two-Dimen- 
sional  180-Degree  Turn-Around  Duct." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  Na  (212) 
247-6500.     ARC-12614/TN 
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Computed  Turbulent  Free 
Shear  Flow  of  Air 

The  standard  k-e  model 
of  turbulence  yields  fairly 
accurate  results. 

A  synriposium  paper  discusses  the  nu- 
merical simulation  of  a  turbulent  free  shear 
flow  of  a  nonreacting  compressible  fluid. 
This  is  one  of  several  types  of  flow  that 
occur  in  ramjets;  the  ability  to  compute 
such  flows  could  be  essential  to  advances 
in  design.  No  currently  available  mathe- 
matical model  of  turbulence  is  adequate 
to  compute  the  behavior  of  a  free  shear 
layer  under  all  flow  conditions  expected 
to  occur  in  practice. 

This  study  involves  the  k-e  model  —  a 
two-equation  turbulence  model  in  which 
the  eddy  viscosity,  Hf,  governs  the  diffusive 
spread  of  the  kinetic-energy,  k.  Several  ver- 
sions of  this  model,  some  excluding  and 
some  including  corrections  for  the  effects 
of  compressibility,  —  have  been  found  to 


predict  more  mixing  in  single  stream  free 
shear  layers  than  is  observed. 

The  flow  investigated  here  is  one  for 
which  ample  experimental  data  are  avail- 
able: the  nearly-two-dimensional  super- 
sonic flow  of  air  from  a  plenum  along  a 
channel  36  in.  (91.4  cm)  long,  2  in.  (5.1  cm) 
high,  and  6  in.  (15.2  cm)  wide.  One  stream 
enters  the  upper  half  of  the  channel  at 
mach  1.25,  separated  by  a  splitter  plate 
at  the  inlet  from  another  stream  that  enters 
the  lower  half  at  mach  3.06.  The  free  shear 
layer  in  question  is  the  mixing  layer  at  mid- 
height  between  these  two  streams. 

This  flow  was  computed  via  the  two- 
dimensional  time-dependent,  mass-weight- 
ed, Reynolds-averaged  Navier-Stokes 
equations.  These  equations  were  solved 
numerically  by  a  finite-volume  computer 
program  that  can  operate  in  an  implicit  or 
explicit  mode  (depending  on  the  time  step 
selected)  and  is  accurate  to  second  order 
in  space.  The  computational  grid  was  uni- 
formly spaced  in  the  streamwise  direction 
and  variably  spaced  across  the  flow.  The 


standard  k-e  model  was  incorporated  in- 
to the  computer  program. 

The  isomach  lines,  profiles  of  stream- 
wise  velocity,  and  profiles  of  turbulent  ki- 
netic energy  that  result  from  the  computa- 
tion are  plotted.  The  computed  distribu- 
tions of  pressure  on  the  upper  and  lower 
surfaces  of  the  channel  and  profiles  of 
mean  streamwise  velocity  are  also  plot- 
ted and  compared  with  experimental 
values.  The  computed  and  experimental 
flows  were  found  to  be  in  fair  agreement. 
The  rate  of  spread  of  the  computed  free 
shear  layer  (based  on  the  maximum  ve- 
locity slope)  was  found  to  be  about  %  the 
rate  of  spread  of  the  experimental  free 
shear  layer.  This  behavior,  while  opposite 
in  behavior  to  the  case  of  a  single  stream, 
is  in  general  agreement  with  other  obser- 
vations of  two-stream  shear  flows  under 
similar  flow  conditions. 

This  work  was  ddheby  JR.  Viegas  and 
M.W.  Rubesin  of  Ames  Research  Center. 
"Turbulence  Modeling  of  Compressible 
Free  Shear  Flows."         ARC-12662/TN 
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Computing  Thermal 
Performances  of 
Shafts  and  Bearings 

A  general,  modular  program 
is  applicable  to  realistically 
complicated  systems. 

The  SHABERTH  connputer  program  was 
developed  to  predict  the  steady-state  and 
transient  thermal  performance  of  a  multi- 
bearing  shaft  system  operating  with  either 
wet  or  dry  friction.  SHABERTH  calculates 
the  loads,  torques,  temperatures,  and  fa- 
tigue lives  for  ball  and/or  roller  bearings  on 
a  single  shaft.  The  comprehensive  nature 
of  this  program  enables  the  study  of  many 
causes  of  instabilities  in  bearings.  The  pro- 
gram also  provides  for  analysis  of  the  reac- 
tion of  the  system  to  the  termination  of  the 
supply  of  lubricant  to  the  bearings  and  other 
lubricated  mechanical  elements.  SHABERTH 
should  prove  to  be  a  valuable  software  tool 
in  the  design  and  analysis  of  shaft  bearing 
systems. 

The  SHABERTH  program  is  structured 
with  four  nested  calculation  schemes.  The 
thermal  scheme  calculates  steady-state 
and  transient  temperatures  for  a  given  op- 
erating state.  The  bearing-dimensional- 
equilibrium  scheme  uses  (1)  the  bearing 
temperatures  predicted  by  the  tempera- 
ture-mapping subprograms  and  (2)  the 
distributions  of  loads  on  rolling-element 
raceways,  predicted  by  the  bearing  sub- 
program, to  calculate  diametral  clearance 
of  a  bearing  for  a  given  operating  state.  The 
shaft-bearing-system-load-equilibrium 
scheme  calculates  the  position  of  the  in- 


ner rings  of  bearings  relative  to  the  respec- 
tive outer  rings  such  that  a  portion  of  the 
external  loading  applied  to  the  shaft  is 
brought  into  equilibrium  by  the  loads  that 
develop  on  the  rolling  elements  at  the  inner 
ring  of  each  bearing  for  a  given  operating 
state.  The  bearing  rolling-element-and- 
cage-load-equilibrium  scheme  calculates 
the  equilibrium  positions  and  rotational 
speeds  of  the  rolling  elements  and  cages 
on  the  basis  of  the  relative  positions  of  in- 
ner and  outer  rings,  the  effects  of  inertia, 
and  friction  conditions. 

The  ball-t)earing  subprograms  in  the  cur- 
rent SHABERTH  program  include  an  elasto- 
hydrodynamic  (EHD)  film-thickness  model 
that  accounts  for  heating  in  the  contact 
area  and  lubricant-film  starvation;  a  new 
model  for  traction  combined  with  an  asper- 
ity-load-sharing model;  a  model  for  the  hy- 
drodynamic  rolling  and  shear  forces  in  the 
inlet  zone  of  lubricated  contacts,  which 
model  accounts  for  the  degree  of  lubricant- 
film  starvation;  a  model  for  normal  and  fric- 
tion forces  between  a  ball  and  a  cage 
pocket,  which  model  accounts  for  the  tran- 
sition between  the  hydrodynamic  and  elas- 
tohydrodynamic  regimes  of  lubrication;  and 
a  model  of  the  effect,  on  fatigue  life,  of  the 
ratio  of  the  EHD  plateau  film  thickness  to 
the  composite  surface  roughness. 

SHABERTH  is  intended  to  be  as  general 
as  possible.  The  nnodels  in  SHABERTH  pro- 
vide for  the  complete  mathematical  simu- 
lation of  real  physical  systems.  A  system 
is  limited  to  a  maximum  of  5  bearings  sup- 
porting the  shaft,  a  maximum  of  30  roll- 
ing elements  per  bearing,  and  a  maximum 
of  100  temperature  nodes.The  SHABERTH 


program  is  modular  and  has  been  designed 
to  permit  refinement  and  replacement  of 
various  component  mathematical  models 
as  the  need  and  opportunities  develop. 

SHABERTH  is  available  by  license  for 
a  period  of  10  years  to  approved  licensees. 
The  licensed  program  product  includes  the 
source  code  and  one  copy  of  the  support- 
ing documentation.  Additional  copies  of  the 
documentation  may  be  purchased  separ- 
ately at  any  time. 

The  program  is  written  in  FORTRAN  IV 
and  has  been  implemented  on  both  a 
UNIVAC  1100-series  computer  and  a  CRAY 
X-MP  running  a  UN  IOCS  5.1  operating  sys- 
tem. The  UNIVAC  version  has  a  central- 
memory  requirement  of  approximately  86K 
of  36-bit  words,  and  the  CRAY  X-MP  ver- 
sion has  a  memory  requirement  of  162K 
of  64-bit  words.  The  UNIVAC  version  of 
SHABERTH  was  developed  in  1976,  and 
the  CRAY  version  was  updated  in  1982.  The 
CRAY  version  is  the  same  as  before,  ex- 
cept that  it  contains  two  more  lubricants  — 
a  low-temperature  special  El  and  now  a 
low-viscosity  fuel,  RP-1. 

This  program  was  written  by  Ciaudia  M. 
Woods  of  Lewis  Research  Center. 
LEW-14860/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 


561 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Licensing 
Opportunity 


Dynamic,  High-Temperature,  Flexible  Seals 

Stacks  of  ceramic  wafers  conform  to  sealed  surfaces. 


Dynamic,  flexible  cerannic  seals  are  being 
developed  for  use  at  high  temperatures  in 
high-performance,  variable-geometry,  hy- 
personic airplane  engines.  The  seals  are 
needed  to  block  the  flows  of  hot  engine 
flov\/-path  gases  through  the  gaps  between 
movable  engine  panels  and  adjacent  sta- 
tionary engine  sidewalls.  Pressures  and 
thermal  loads  on  the  relatively  compliant 
sidewalls  can  widen  the  gaps  to  as  much 
as  0.15  in.  (6.4  mm),  thereby  giving  rise  to 
the  need  for  very  compliant  seals  to  con- 
form to  distortions  and  keep  the  gaps 
plugged.  Seals  of  the  new  type  could  also 
be  used  in  hypersonic  engines,  two-di- 
mensional convergent/divergent  and  vec- 
tored-thrust  exhaust  nozzles,  the  airframes 
of  reentry  vehicles,  the  casings  of  rocket 
motors,  furnaces,  and  other  applications. 

The  seals  are  expected  to  prevent  en- 
gine flow-path  gases  with  temperatures  as 
high  as  1,200  to  5,000  °F  (650  to  2,760  °C) 
and  pressures  as  high  as  100  psi  (0.7  MPa) 
from  leaking  past  the  engine  panels  to 
back  engine  cavities,  where  they  could 
cause  losses  of  engines  or  of  entire  air- 
planes. The  seals  must  perform  success- 
fully at  heat  fluxes  greater  than  1,100  Btu/ 
ft^'S  (11.4  MW/m^  in  supersonic  flows. 

A  seal  of  the  new  type  can  be  made 
of  ceramic  wafers  stacked  in  a  channel 
along  the  edge  of  a  movable  engine  panel. 
The  seal  conforms  to  the  large  distortions 
of  the  movable  and/or  the  stationary  side- 
wall  by  relative  sliding  between  adjacent 
wafers.  Various  techniques  can  be  used 
to  preload  the  ceramic  wafers  transversely 
against  the  stationary  sidewali.  In  each  of 
the  two  versions  illustrated  in  the  figure, 
an  actively  cooled,  pressurized  metal  bel- 
lows performs  this  function. 

The  wafers  can  be  made  of  any  of  the 
high-strength,  tough,  engineered  ceram- 
ics, like  silicon  carbide,  silicon  nitride,  or 
aluminum  oxide.  Analytical  studies  have 
shown  that  for  the  extreme  thermal  envi- 
ronment of  a  hypersonic  engine,  silicon 
carbide  is  the  leading  candidate.  Silicon 
carbide  can  operate  continuously  at  tem- 
peratures as  high  as  2,500  °F  (1,370  °C) 
and  requires  the  minimum  coolant  be- 
cause of  its  high  thermal  conductivity  and 
high  emissivity 

Two  methods  of  active  cooling  have 
been  investigated  for  use  with  seals  of  this 
type  in  operation  at  heat  fluxes  above  300 


Stacked  Ceramic  Wafers  are  pressed 
against  the  stationary  sidewali  by  pressure  in 
one  or  more  metal  bellows. 


Vartlcally 

Movable  Horizontal 

Engine  Panel 


Flow  of  Hot  Engine  Gaa 
VERSION  WITH  SINGLE  LONQ  BELLOWS 


Vertically 

Movable  Horizontal 

Engine  Panel 


VERSION  WITH  MULTIPLE  BELLOWS 


Lewis  Research  Center 

Technology  Utilization 
Officer  Anthony  F. 
Ratajczak 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-2225 
Patent  Counsel 
Gene  E.  Shook 
Mail  Code  LE-LAW 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 


Btu/ft2.s  (3.3  MW/m2).  The  first  is  to  purge 
the  seal  positively  from  the  engine  cavity 
behind  the  movable  panel.  The  second  is 
to  purge  the  seal  positively  from  the  cavi- 
ty behind  the  wafers.  A  coolant  gas  like 
helium  is  efficient  because  of  its  high  heat 
capacity  and  low  density  Also,  because 
helium  is  chemically  inert,  the  positive 
purge  flow  into  the  flow  chamber  of  the 
engine  can  prevent  the  potentially  explo- 
sive hydrogen/oxygen  mixture  that  would 
be  used  in  such  an  engine  from  leaking 
behind  the  seal. 

This  work  was  done  by  Bruce  M. 
Steinetz  of  Lewis  Research  Center  and 
Paul  J.  Sirocky  of  Sverdrup  Technologies, 
Inc.  Further  information  may  be  found  in 


NASA  TM-103737 [N91-22567].  ■'High  Tem- 
perature Performance  Evaluation  of  a  Hy- 
personic Engine  Ceramic  Wafer  Seal." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Sen/ice,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,917,302).  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Lewis  Research  Center.  Refer  to 
LEW-14695/TN. 
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Integrated  Scene  and  Graphics  for  IVIultiple-Camera  Viewing 

High  information  content  is  presented  simply  and  understandably. 


A  nnultiple-video-camera  viewing  systenn 
for  nnonitoring  a  telerobot  is  undergoing  de- 
velopment. When  fully  developed,  the  sys- 
tem will  present  the  user  with  a  variety  of  in- 
formation on  a  single  video  display: 

•  A  picture  of  the  robot  from  any  of  five  mov- 
able cameras, 

•  A  graphical  depiction  of  the  location  and 
orientation  of  the  camera  producing  the 
current  picture  in  the  middle  of  the  video 
display 

•  A  graphical  depiction  of  the  locations  and 
orientations  of  the  other  cameras,  and 

•  Graphical  images  of  the  fields  of  view  of 
the  cameras  and  their  three-dimensional 
relationship  to  the  workspace  of  the  telero- 
bot. 

The  display  will  help  the  user  control  the 
telerobot  quicl<ly  and  efficiently.  The  add- 
ed information  will  normally  be  presented 
in  a  peripheral  band  surrounding  the  pic- 
ture of  the  robot  (see  Figure  1).  It  is  ex- 
pected that  the  user  will  be  able  to  observe 
the  band  by  peripheral  vision,  without  diver- 
ting attention  from  the  picture  itself;  there 
should  be  no  need  for  the  user  to  waste 
time  and  become  fatigued  by  repeatedly 
shifting  the  eyes  back  and  forth  between 
the  picture  and  the  outer  information  band. 

The  graphical  images  will  ordinarily  not 
overlie  the  picture  of  the  robot  and,  ttiere- 
fore,  will  not  ordinarily  obscure  it.  When 
more  space  is  needed  for  the  peripheral 
information  band,  this  band  automatically 
expands  while  the  picture  of  the  robot  in 
the  middle  shrinks  and/or  shifts.  If  it  should 
become  necessary  to  overlay  graphical  im- 
ages on  the  picture  of  the  robot,  they  could 
be  presented  semitransparently  so  that  all 
the  picture  is  still  visible. 

The  user's  workstation  will  include  a 
large,  high-resolution  monitor,  a  graphics 
generator,  and  frame  buffers.  The  user  will 
select  (perhaps  by  voice  commands  via 
a  speech-recognition  subsystem)  which 
camera  view  will  be  displayed  on  the  mon- 
itor. Each  camera,  mounted  on  a  gantry 
around  the  workspace  of  the  robot,  will  be 
moved  in  the  plane  of  the  gantry,  tilted,  and 
panned. 

On  the  monitor,  the  camera  producing 
the  picture  in  the  middle  will  be  highlighted 
in  the  information  band,  as  in  Figure  1 .  De- 
pending on  whether  from  the  top  or  the 


o 


Figure  1 .  A  Graphi- 
cal-lnformation 
Band  Will  Surround 

the  television  picture 
of  a  robot  on  a  high- 
resolution  monitor. 
Camera  icons  in  the 
band  show  positions 
and  orientations  of 
cameras. 


side,  the  angular  orientations  of  the  camera 
icons  will  indicate  the  pan  or  tilt  angles, 
and  such  labels  as  circles  and  bars  will  in- 
dicate the  tilt  or  pan  angles  of  the  cameras, 
respectively.  Numbers,  colors,  symbols, 
and  the  like  next  to  each  camera  icon  could 
be  used  to  indicate  camera  height  or  depth. 
The  user  will,  therefore,  be  aware  of  posi- 
tions and  orientations  of  the  cameras  and 
will  be  able  to  save  time  by  repositioning 
and  reorienting  the  cameras  before  switch- 
ing the  view  from  one  to  the  other. 

The  user  will  be  able  to  obtain  a  quick 
impression  of  the  overall  workspace  of  the 
robot  by  calling  for  a  "wall-and-ceiling"  dis- 
play A  perspective  grid  that  gives  a  three- 
dimensional  appearance  will  be  superim- 
posed on  the  picture,  showing  the  cameras 
and  lights  and  a  spotlight  projection  of  the 
field  of  view  of  each  camera,  one  by  one 
in  repeating  sequence  (see  Figure  2). 

This  work  was  done  by  Daniel  B.  Diner 
and  Steven  C.  Venema  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

Tills  invention  Is  owned  by  NASA,  and 
a  patent  application  lias  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  Its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17836/TN. 


Figure  2.  The  Wall-and-Celling  Display  will 
give  a  perspective  view  of  the  workspace 
of  the  robot  and  the  cameras.  The  spotlight 
projection  of  the  field  of  view  of  the  camera 
at  the  top  will  be  followed  in  sequence  by 
similar  projections  for  the  other  cameras. 


Jet  Propulsion  Lab. 
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Lightweight  Radiator  Fin 

The  mass  necessary  to  radiate  a  given  amount  of  power  would  be  minimized. 


A  fin  designed  to  radiate  Ineat  from  a 
heat  pipe  into  a  surrounding  vacuum  is  op- 
timized with  respect  to  mass;  that  is,  given 
the  type  of  material  used  to  construct  the 
fin,  the  mass  per  unit  radiated  power  is 
minimized.  Although  the  fin  is  intended 
primarily  for  use  as  part  of  the  cooling 
system  of  a  space  station,  it  could  also  be 
used  on  Earth  to  cool  equipment  in  a 
laboratory  vacuum.  Furthermore,  it  may 
be  possible  to  modify  the  basic  design 
equations  to  design  minimum-mass  fins  for 
cooling  by  conduction  or  convection. 

The  design  is  based  in  part  on  a  postu- 
late, advanced  in  1960,  that  to  obtain  mini- 
mum mass,  one  must  provide  for  a  con- 
stant negative  gradient  of  temperature 
from  the  root  (the  end  of  the  fin  in  contact 
with  the  heat  pipe)  to  the  tip.  To  obtain  a 
constant  gradient  of  temperature,  it  is  nec- 
essary to  make  the  thickness  of  the  fin  de- 
crease nonlinearly  with  distance  from  the 
root  to  the  tip,  according  to  a  function  de- 
rived from  the  law  of  thermal  radiation. 

The  prototype  fin  for  the  original  applica- 
tion is  made  of  aluminum/graphite-fiber 
composite.  Each  layer  of  the  composite  is 
0.005  in.  (0.127  mm)  thick.  Two  panels  of 
the  composite  material,  each  24  in.  (61  cm) 
wide,  are  attached  to  opposite  sides  of  the 
heat  pipe,  then  bent  together  and  joined  at 
the  tips  by  aluminum  caps  (see  figure), 
Each  panel  is  five  layers  thick  at  the  middle, 
where  it  makes  contact  with  the  heat  pipe. 
To  provide  an  approximation  to  the  re- 
quired taper  each  succeeding  layer  of 
each  panel  is  shorter  than  the  layer  before 
it.  The  first  layer  extends  out  to  1 1.3  in.  (28.7 
cm)  from  the  middle,  the  second  layer  to 
7.2  in.  (18.3  cm),  the  third  to  4.6  in.  (1 1.7  cm), 
the  fourth  to  2.5  in.  (6.4  cm),  and  the  fifth  to 


The  Lightweight  Radiator  Fin  is  made  of  tapered  panels  bent 
together  at  their  ends  and  joined  to  the  heat  pipe  in  the  middle.  The 
taper  is  chosen  for  minimum  mass  per  unit  of  radiated  power. 
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0.9  in  (2.3  cm).  An  outer  coat  of  aluminum 
smooths  out  the  stair-step  shape  of  the 
cascaded  layers.  Preliminary  measure- 
ments show  that  the  heat-transfer  charac- 
teristics of  the  stepped  design  are  similar 


to  those  of  the  ideal  continuous-taper  de- 
sign. 

This  work  was  done  by  W.  Russ  Long, 
III  and  Eugene  K.  Ungar  of  Johnson 
Space  Center.  MSC-21558/TN 
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Liquid/Gas  Separator  Handles  Varying  Loads 

A  two-motor  design  enhances  adjustability. 


A  liquid/gas  separator  includes  two  in- 
dependent motors  —  one  for  pumping  the 
mixture  and  the  other  for  drawing  off  the 
extracted  gas.  The  two  materials  can  thus 
be  moved  at  the  speeds  best  suited  for 
them. 

The  unit  was  developed  to  separate 
air  from  urine  in  a  spacecraft  wastewater- 
treatment  system.  Presumably,  it  could 
also  function  in  normal  gravity  It  is  made 
largely  of  titanium  to  resist  corrosion. 

A  flow-through  "pancake"-style  brush- 
less  dc  motor  drives  the  separator  rotor 
at  the  appropriate  speed  to  separate  the 
liquid  from  the  gas  (see  figure).  Down- 
stream, another  brushless  dc  motor  drives 
a  fan  efficiently  at  a  higher  speed  to  re- 
move the  gas.  The  speeds  of  the  motors 
can  be  adjusted  easily  and  independent- 
ly to  provide  efficient  separation  with  a 
variety  of  external  connections  and  under 


The  Liquid  is  Expeiled 

radially  outward  from 
the  separator  rotor.  En- 
trained gas  is  released, 
flows  axially  through  the 
rotor,  and  leaves  through 
the  fan  at  the  down- 
stream end. 


varying  loads.  The  motors  have  enough 
torque  to  handle  "slug"  flow  conditions 
without  stalling.  The  flow-through  arrange- 
ment ensures  both  effective  separation 
and  a  compact  package. 


This  work  was  done  by  John  Mann  of 
United  Technologies  l-lamilton  Standard 
for  Johnson  Space  Center. 
r\/ISC-21877/TN 
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Metal-to-Composite  Shaft  Splice 

A  strong,  lightweight  shaft  is  formed  without  awkward  bolted  flanges. 


A  manufacturing  technique  joins  a 
shaft  of  composite  material  to  a  metal 
shaft.  The  technique  can  be  used  to  join  a 
shaft  of  graphite-fiber-reinforced  epoxy  to 
one  of  titanium,  for  example,  so  that  large 
torques  can  be  transmitted,  as  in  helicop- 
ter rotor  shafts.  The  technique  avoids 
bolted  flanges.  Such  flanges  are  difficult  to 
fabricate  in  composite  materials;  they  re- 
quire painstaking  manual  layup  to  orient 
the  fibers  for  carrying  torsion  loads. 

A  spiral  groove  is  cut  in  the  tapered  end 
of  the  metal  shaft  (see  figure).  A  steel  man- 
drel is  inserted  in  the  end  of  the  metal  shaft. 
A  thin  layer  of  composite  fabric  is  wound 
on  the  tapered  end  of  the  metal  shaft  and 
on  the  mandrel.  A  filament-wound  aromat- 
ic polyamide  cord  is  wrapped  into  the  spiral 
groove  on  the  tapered  end.  Additional 
layers  of  composite  fabric  are  wound  tight- 
ly on  the  tapered  end  and  the  mandrel,  re- 
taining the  cord  in  the  groove.  Finally  the 
assembly  —  which  has  been  preimpreg- 
nated  or  injected  with  a  resin  binder  —  is 
cured  in  an  autoclave.  Curing  forms  an  in- 
tegral structure  at  the  tapered  end  of  the 
shaft.  The  spiral  groove  prevents  slippage 
under  high  torque. 

The  mandrel  is  removed  after  curing. 
The  composite  portion  of  the  shaft  then 
constitutes  a  lightweight  structure  that  is 
strong  in  torsion,  while  the  metal  part  of  the 
shaft  provides  a  bearing  surface  that  can 
react  both  axial  and  lateral  loads. 

This  work  was  done  by  Jules  Kish, 
Dean  Nguyen,  and  Tim  Lauder  of  United 
Teclinologies,  S/7fors/cy  Aircraft  for  Lewis 
Research  Center.  LEW-14910/TN 


Composite  and  Metal  Portions  of  a  Shaft  are  joined  by  winding  the  composite  portion  onto 
the  outer  surface  and  into  the  spiral  groove  of  the  metal  portion.  The  groove  and  the  com- 
posite material  In  It  constitute  a  structural  bond.  If  opposing  spiral  grooves  are  used,  then 
the  two  shafts  are  locked  together  against  torques  In  both  directions. 


End  Fitting  ol 
'  Metal  Shaft 


Spiral  Groove  in 
"  Tapered  End  of 
foetal  Shaft 
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Licensing 
Opportunity 


Oscillating-Coolant  Heat  Exchanger 

These  devices  might  be  useful  in  situations  in  which  heat  pipes  are  inadequate. 


It  has  recently  become  necessary  to 
design  cooled  structures  that  can  survive 
extremely  large  heat  fluxes.  As  an  exam- 
ple of  this  requirement,  the  leading  edge 
of  the  cowl  of  a  scramjet  engine  can  be 
subjected  to  shock-interference  heating, 
v\/hich  can  produce  heat  fluxes  with  mag- 
nitudes of  the  order  of  60,000  Btu/ft^-s 
(680  MW/m^.  The  conceptual  oscillating- 
coolant  heat  exchanger  (OCHEX)  may  be 
able  to  endure  this  extreme  heat  flux  and 
may  have  a  multitude  of  other  applications. 

In  its  primary  intended  use,  the  OCHEX 
would  efficiently  transport  heat  from  its 
hotter  portions  to  its  cooler  portions,  in  this 
sense  acting  as  a  classical  heat  pipe. 
However,  unlike  in  a  heat  pipe,  the  heat 
would  be  transported  by  oscillation  of  a 
single-phase  fluid,  called  the  primary  cool- 
ant, in  coolant  passages.  There  would  be 
no  time-averaged  flow  in  the  tubes,  so  that 
either  the  heat  would  be  removed  from 
end  reservoirs  on  every  cycle  or  the  heat 
would  be  removed  indirectly  by  cooling  the 
sides  of  channels  with  another  coolant. 

The  figure  schematically  illustrates  an 
OCHEX  on  a  leading  edge  of  an  aircraft. 
Both  OCHEX  devices  and  conventional 
heat  pipes  operate  as  essentially  isother- 
mal devices.  The  advantage  an  OCHEX 
has  over  a  heat  pipe  is  that  the  OCHEX 
is  not  limited  by  the  fluid-dynamic  heat- 
transport  constraints  on  the  capillary  pump- 
ing of  liquid  and  the  flow  of  vapor.  In  addi- 
tion, the  boiling  limit  on  liquids  in  OCHEX 
devices  is  not  as  severe  as  in  heat  pipes. 
Because  a  heat  pipe  operates  near  its 
saturation  temperature,  the  drop  in  tem- 
perature through  the  liquid  in  its  wick  rep- 
resents superheating,  which  can  cause 
boiling.  The  temperature  of  the  fluid  in  an 
OCHEX  device  is  not  constrained  to  the 
saturation  temperature;  consequently  one 
can  choose  from  among  a  much  greater 
variety  of  primary  coolants  for  various  op- 
erating conditions.  A  disadvantage  of  an 


An  Oscillating-Coolant 
Heat  Exchanger  on  a 

leading  edge  of  an  air- 
craft would  survive  and 
carry  away  intense  local 
heat  flux. 


OCHEX  device  is  that  it  requires  external 
power  and  possibly  control  to  force  the 
oscillating  flow. 

The  oscillating  flow  produces  a  veloci- 
ty boundary  layer,  the  thickness  of  which 
is  proportional  to  the  square  root  of  the 
ratio  of  the  kinematic  viscosity  to  the  cir- 
cular frequency  of  the  oscillation.  At  higher 
frequencies,  this  flow  attains  a  nearly  con- 
stant velocity  profile  in  the  crosswise  direc- 
tion (a  "slug"  flow)  with  thin  velocity  bound- 
ary layers  at  the  walls  of  the  coolant 
passages.  The  slug  of  fluid  in  the  middle 
of  each  passage  accepts  heat  from  the 
side  walls  through  the  velocity  boundary 
layer  by  normal  molecular  conduction, 
convects  this  heat  along  the  channel  to 
a  region  of  lower  temperature,  and  re- 
leases this  heat  to  the  side  walls,  or  reser- 
voir, before  returning  to  start  a  new  cycle. 
The  net  effect  of  this  behavior  is  a  highly 
effective  streamwise  transfer  of  energy 
which  makes  the  operation  nearly  isother- 
mal, as  in  a  heat  pipe. 

One  feature  of  the  OCHEX  is  that  there 
is  a  net  flux  of  heat  through  the  conduc- 
tive primary  coolant  passage  walls  some- 
where in  the  device.  Also,  there  is  an  os- 
cillating flow  of  the  primary  coolant  in  the 
primary  coolant  passages  with  a  displace- 
ment amplitude  that  can  range  from  that 


Oscillating 
Flow  of  Coolant 
Distributes 
Heat 


of  an  acoustic  disturbance  to  a  length 
greater  than  that  of  the  coolant  passages. 

Conceptual  OCHEX  devices  include 
leading-edge  cooling  devices  in  hyperson- 
ic aircraft  and  "frost-free"  heat  exchang- 
ers. The  OCHEX  concept  can  be  used  in 
almost  any  situation  in  which  a  heat  pipe 
can  be  used  and  in  other  situations  in 
which  heat  pipes  may  not  be  usable. 

This  work  was  done  by  Stephen  J. 
Scotti,  Max  L  Blosser,  and  Charles  J. 
Camarda  of  Langley  Research  Center 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  langley  Research  Center 
Refer  to  LAR-14033/TN. 

Langley  Research  Ctr. 

Technology  Utilization 

Officer:  Joseph  J.  Mathis.  Jr. 

Head,  TU  &  AO  Office 

Mail  Stop  200 

1 0  West  Taylor  Road 

Hampton,  VA  23665-5225 

(804)  864-2484 

Patent  Counsel: 

Dr.  George  F.  Helfrich 

Mail  Stop  143 

9A  Ames  Road 

Hampton,  VA  23665-5225 

(804)  864-3221 
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Removing  Solids  From  Supercritical  Water 

Salts  and  other  solids  are  separated  via  impingement  and  filtration. 


An  apparatus  rerrxves  precipitated  inor- 
ganic salts  and  other  solids  in  a  water-recy- 
cling process.  The  apparatus  is  designed 
for  use  with  oxidation  in  supercritical  water 
(water  above  its  thermodynamic  critical 
point  of  T  =  374'C  and  P  =  220  bar),  which 
treats  wastes  and  yields  nearly  pure  water 
The  product  of  the  oxidation  reaction  is 
supercritical  water  containing  sticky, 
undissolved  solids  that  will  foul  and  cor- 
rode equipment  if  allowed  to  continue 
downstream. 

In  some  terrestrial  systems  or  in  the 
absence  of  gravity,  the  solids  will  not  drop 
into  a  cooler  liquid  zone,  v\/here  they  could 
be  redissolved  and  withdrawn.  The  new 
apparatus,  therefore,  relies  on  the  tenden- 
cy of  the  sticky  precipitate  to  adhere  to  the 
walls  of  a  container. 

The  apparatus  includes  a  cylindrical 
pressure  vessel  containing  a  disposable 
canister  (see  figure).  The  effluent  from  the 
oxidation  reaction  enters  the  canister 
through  a  pipe  at  top  center.  In  some 
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Supercritical  Water  Carries  Solid  Particles 

into  the  vessel  and  exits  without  them. 
Heating  coils  and  insulation  around  the 
vessel  keep  it  hot.  A  locking  bracket  seals 
the  vessel  but  allows  it  to  be  easily  opened 
for  replacement  of  filled  canisters. 


cases,  the  oxidation  of  organics  and  the 
precipitation  of  inorganics  may  continue  as 
the  effluent  flows  into  the  canister  Solid 
particles  in  the  stream  impinge  on  the  wall 
of  the  canister  with  high  momentum  and 
stick  to  it,  forming  a  porous  cake.  The 
stream  exits  through  a  filter  at  the  top  of  the 
canister.  The  flow  is  then  reversed;  any 
particles  remaining  in  the  stream  cannot 
pass  through  the  filter  at  the  canister  exit 
and  therefore  build  up  on  it.  The  pressure 
vessel  is  kept  at  a  temperatu  re  of  450*0  or 
higher  to  ensure  the  collection  of  dry 
solids. 

In  about  90  days,  the  canister  will  have 
accumulated  a  suitable  quantity  of  solids. 
The  system  will  then  be  shut  down,  the 
head  of  the  filtration  pressure  vessel  will  be 
taken  off,  and  the  impingement/filtration 
canister  will  be  removed  and  replaced  by  a 
fresh  one. 

This  work  was  done  by  Glenn  T.  Hong 
of  Modar,  Inc.,  for  Johnson  Space 
Center.  t^SC'21382/TN 
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Smoke  Generator  for  Studies  of  Vortices  in  Flight 

Vortex  cores  and  breakdowns  can  be  located. 


A  smoke-generating  system  has  been 
used  successfully  to  identify  vortex-core 
and  vortex-core-breakdown  locations  in 
flights  of  an  F-18  airplane  modified  for  re- 
search on  flight  at  large  angles  of  attack 
(see  Figure  1).  Smoke  generators  of  this 
type  may  be  useful  for  other  aerodynamic 
flight  research  in  which  it  is  necessary  to 
visualize  local  flows.  Nonaerospace  ap- 
plications could  include  research  in  the  re- 
duction of  aerodynamic  drag  on  vehicles 
.  and  the  reduction  of  turbulence  related  to 
structures  or  other  obstacles. 

Housed  in  the  forebody  of  the  airplane, 
the  smoke-generating  system  includes 
multiple  pyrotechnic  smoke  cartridges  that 
can  be  fired  simultaneously  or  in  sequence. 
The  firing  of  the  cartridges  is  controlled 
from  the  cockpit,  and  the  smoke  produced 

•  is  ducted  to  desired  locations  on  or  near 
the  surface  of  the  aircraft. 
Each  cartridge  is  a  steel  canister  2.4 
in.  (6.1  cm)  in  diameter  and  4.7  in.  (11.9 
cm)  long,  contains  a  specially  developed 
pyrotechnic  chemical  mixture,  and  is 
equipped  with  an  electric  ignitor  unit.  It 
produces  nontoxic  smoke  at  a  high  rate 
and  is  designed  to  minimize  fire  hazards 
and  accidental  detonation  during  handling. 
Each  cartridge  is  contained  in  one  of  six 
individual  cylinders,  4  in.  (10.2  cm)  in  diam- 
eter, in  a  housing,  as  shown  in  Figure  2. 
There  are  two  housings:  one  on  each  side 
of  the  airplane. 

The  cylinders  are  equipped  with  coupler 
latches  for  rapid  loading  and  unloading  of 
cartridges  and  with  sensors  to  monitor  their 
temperatures.  An  independent  temperature- 
controlled  5-A  heater  blanket  surrounds 
each  cylinder  to  maintain  its  temperature 
between  50  °F  (10  X)  and  130  °F  (54  °C) 
at  flight  altitudes  before  ignition.  Ignitor 
wires  are  fed  through  a  fitting  on  each  car- 
tridge cylinder  and  are  connected  to  a 
squib  terminal  strip  on  the  aft  end  of  each 
housing.  The  squib  terminal  strip  is  ter- 
minated at  a  single  connector,  which  in- 
cludes a  shorting  device  to  protect  against 
•  inadvertent  ignition  of  the  cartridges. 
During  nominal  operation,  smoke 
leaves  the  top  of  the  cylinder  through  a 
duct  of  0.93-in.  (2.4-cm)  inside  diameter 
at  a  differential  pressure  that  ranges  from 
_  2  to  10  psi  (14  to  69  kPa).  The  ducts  from 
all  cylinders  of  a  housing  are  connected 


Figure  1.  A  Smoke-Flow-Visualization  Photograpli  taken  from  a  35-mm  camera  on 
the  tip  of  the  right  wing  shows  the  vortex  core  and  the  core  breakdown.  The  angle 
of  attack  is  19.6°  the  airspeed  is  mach  0.31,  and  the  altitude  is  23,000  ft  (7  km). 


Figure  2.  Six  Cartridges  In  the  Cylinders  of  each  of  two  housings  like  this  one  gen- 
erate smoke,  which  is  sent  through  ducts  to  the  surface  of  the  airplane. 


to  a  common  plenum  chamber  that  is  in- 
strumented with  a  pressure  transducer.  If 
the  pressure  rises  above  55  to  75  psi  (380 


to  520  kPa)  because  of  blockage  of  a  duct 
or  an  excessive  rate  of  burning  of  a  car- 
tridge, rupture  disks  in  each  cylinder  give 


569 


way,  venting  the  smoke  out  of  the  hous- 
ing and  to  the  outside  through  louvers  on 
the  lower  surface  of  the  airplane. 

The  housings  are  mounted  in  the  gun 
bay  of  the  airplane  because  the  gun  bay 
is  already  designed  to  withstand  the  re- 
lease of  hot  gases  from  guns  and  because 
it  is  close  to  the  locations  from  which  it 
is  desired  to  release  smoke  for  aerody- 
namic studies.  Smoke  from  each  of  the 
plenum  chambers  has  been  ducted  up  to 
10  ft  (2  m)  through  flexible  polytetrafluoro- 
ethylene-lined  hose  to  a  rigid  external  stain- 


less-steel duct. 

The  smoke  generator  provides  for  as 
many  as  six  flow-visualization  maneuvers 
during  each  flight  (when  using  two  car- 
tridges per  housing  for  each  operation), 
each  maneuver  lasting  about  30  s. 
Reliable  operation  of  the  system  is  limited 
to  altitudes  of  30,000  ft  (9.1  km)  or  less. 
The  smoke  generator  can  be  cleaned  and 
made  ready  for  a  subsequent  flight  In 
several  hours. 

This  work  was  done  by  David  M. 
Ricliwine,  Robert  E.  Curry,  and  Gene  V. 


Tracy  of  Ames  Research  Center.  Further 
information  may  be  found  in  NASA  Tl^- 
4137  [N90-13372].  'A  Smol<e  Generator 
System  for  Aerodynamic  Flight  Research." 
Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12698/TN 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer-Graphical 
Visualization  of 
Flow  Fields 

Recent  and  anticipated 
developments  are  reported. 

A  report  discusses  the  state  of  the  art  of 
visualization  of  flow  fields  by  means  of 
computer  graphics.  It  describes  recent 
trends,  problems,  and  limitations  of  current 
equipment  and  computer  programs  in  gen- 
eral and  then  focuses  on  the  approach 
used  at  Ames  Research  Center  to  create 
the  visual  displays. 

The  techniques  used  to  date  operate  on 
computer  simulations  of  flows  to  create 
scenes  that  represent  the  three-dimen- 
sional dynamic  flow  fields.  Popular  types  of 
visualization  include  paths  of  particles  en- 
trained In  the  flow  field,  contours  or  trans- 
parent surfaces  of  constant  magnitude  of 
pressure  or  another  scalar  quantity  and  ar- 
row/vector representations  of  velocity. 
False  colors,  sound,  or  other  cues  can  also 
add  understanding  of  flow  fields. 

To  enhance  the  perception  of  three-di- 
mensionality in  the  two-dimensional  im- 
ages. It  has  been  found  Important  to  use 


equipment  and  computer  programs  that 
enable  the  viewer  to  alter  the  perspective. 
TTie  rotation  of  the  flow  field  or  of  the  viewer 
atxDut  the  flow  field  was  found  to  be  one  of 
the  best  cues  of  this  kind.  Other  cues  in- 
clude the  representation  of  solid  bodies 
with  hidden  surfaces  removed  and  syn- 
thetic surface  shading.  Stereoscopy  has 
also  t)een  used,  but  its  effectiveness  varies 
from  person  to  person. 

Although  the  motion  in  a  scene  need  not 
be  on  a  real-time  scale,  it  should  be  rapid 
and  smooth  enough  to  Impart  an  under- 
standing of  dynamical  features  of  the  flow. 
For  this  purpose,  the  system  should  pro- 
duce at  least  10  frames  per  second.  The 
approach  used  at  Ames  Research  Center 
has  been  to  use  computer-graphics  work 
stations  built  for  high  performance  in  the 
conversion  of  the  three-dimensional  com- 
puter-generated scenes  into  screen  dis- 
plays and  to  augment  those  work  stations 
with  video-tape  and  16-mm-film  recording 
equipment.  Scenes  of  moderate  complexi- 
ty (for  example,  tracer  particles  moving 
with  the  flow  around  a  cylinder)  can  be 
displayed  rapidly  enough  on  the  work- 
station screen  to  enable  the  dynamics  to 
be  understood.  In  complicated  flow  fields 


(for  example,  flows  around  aircraft),  for 
which  it  can  take  many  seconds  to  gener- 
ate each  frame,  the  screen  displays  are 
recorded  on  video  tape  or  16-mm  film  for 
subsequent  playback  at  higher  frame 
rates. 

The  factor  that  limits  the  frame  rate  in 
current  work  stations  is  the  speed  for 
creating  representations  of  solid  bodies;  in 
particular,  the  removal  of  hidden  surfaces 
by  use  of  a  "Z-buffer"  Decreased  shading 
time  is  also  required.  It  will  probably  take 
several  years  before  work  stations  priced 
below  $100,000  (1987  dollars)  will  be  fast 
enough  for  adequate  studies  of  flow  about 
complicated  solid  bodies. 

This  work  was  done  by  Val  Watson, 
Pieter  Buning,  and  Diana  Clioi  of  Ames 
Research  Center  and  Goidon  Bancroft, 
Fergus  Merritt,  and  Stuart  Rogers  of  Ster- 
ling Software.  Furtfier  information  may  be 
found  in  "Use  of  Computer  Graphics  for 
Visualization  of  Flow  Fields." 

Copies  may  be  purchased  [prepayment 
required]  from  AIM  Technical  Information 
Service  Library  555  West  57th  Street  New 
York,  New  York  10019,  Telephone  No. 
(212)247-6500. 
ARC-12150/TN 
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National  Aeronautics  and 
Space  Administration 

John  F.  Kennedy  Space  Center,  Florida 


Magnetic  Location  Indicator 

A  simple  tool  shows  where  a  magnetic  field  is  most  intense. 


A  ferrofluidic  device  indicates  the  point 
of  highest  magnetic-flux  density  in  a  work- 
space. The  device  consists  of  a  bubble  of 
ferrofluid  in  an  innmiscible  liquid  carrier  in  a 
clear  plastic  case.  The  bubble  —  dyed  for 
easy  viewing  —  migrates  to  the  point 
where  the  magnetic-flux  density  is  greatest. 

The  ferrofluid  is  a  stable  colloidal  sus- 
pension of  magnetic  particles  in  a  liquid 
that  has  chemical  and  physical  properties 
similar  to  those  of  the  carrrier  liquid  sur- 
rounding it.  When  a  magnetic  field  is  ap- 
plied to  a  bubble  of  ferrofluid,  the  particles 
orient  themselves  along  the  magnetic  field 
almost  immediately  In  a  graded  magnetic 
field,  the  particles  experience  forces  that 
draw  the  entire  bubble  to  the  point  of 
highest  field  strength. 

The  container  may  be  a  flat  hollow  block 
or  a  tube  made  of  a  transparent  material 
such  as  polycarbonate  (see  figure).  If  the 
ferrofluid  liquid  and  the  surrounding  carrier 
liquid  are  formulated  so  that  they  have  the 
same  density,  the  effect  of  gravity  is  ne- 
gated, and  the  device  can  be  used  in  a  ver- 
tical plane  as  well  as  a  horizontal  plane.  A 
light  oil  can  be  used  for  the  ferrofluid  liquid, 
and  distilled  water  can  be  used  for  the  car- 
rier liquid,  for  example. 

The  device  can  be  used  to  find  the  point 
on  a  wall  corresponding  to  a  known  point 
on  the  opposite  side  of  the  wall.  Amagnetic 
source  would  be  placed  at  the  known  point. 
An  operator  would  slide  the  device  across 
the  opposite  side  of  the  wall.  The  point  at 
which  the  ferrofluid  bubble  centers  in  the 
viewing  glass  would  then  be  directly  op- 
posite the  known  point. 

This  work  was  done  by  Thomas  W. 
Stegman  of  Lockheed  Space  Operations 
Co.  for  Kennedy  Space  Center. 
KSC-11442/TN 
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TOP  VIEW  -  FLAT-BLOCK  AND  TUBE  VERSIONS 

The  Ferrofluid  Bubble  can  be  used  in  a  flat  block  or  a  tube.  The  axes  of  the  centering  circle 
on  the  flat-block  version  are  used  to  mark  the  location  of  maximum  flux  density  when  the 
bubble  is  in  the  circle. 
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Licensing 
Opportunity 


Full-Surface  Phasing  of  a  Segmented  Mirror 

Techniques  based  on  physical  and  on  geometrical  optics  would  be  applied  jointly. 


Mirror 
Under 
Test 


A  proposed  combination  of  measuring 
and  computing  techniques  would  be  used 
to  determine  the  deviation  of  the  surface 
of  a  large,  segmented  telescope  from  the 
ideal  surface  figure  and  to  compute  ad- 
justments in  the  alignments  of  the  seg- 
ments to  obtain  the  optimum  available 
compensation  for  the  deviations.  The  com- 
bination method  incorporates  the  conven- 
tional Shack-Hartmann  technique,  which 
is  based  on  geometrical  optics,  and  the 
modified  Shack-Hartmann  technique, 
which  is  based  on  physical  optics.  The 
combination  method  has  been  tested  by 
computer  simulation,  using  the  Keck  as- 
tronomical telescope  as  a  mathematical 
model. 

Figure  1  illustrates  the  Shack-Hart- 
mann test.  Light  reflected  from  the  mirror 
under  test  is  relayed  via  a  collimated  beam 
to  an  array  of  lenslets.  Each  lenslet  repre- 
sents a  small  portion  of  the  surface  under 
test.  In  the  conventional  Shack-Hartmann 
technique,  each  lenslet  represents  a  por- 
tion of  one  of  the  segments  of  the  reflec- 
tor and  focuses  light  from  that  portion  on- 
to a  spot  on  an  area  detector.  The  location 
of  the  centroid  of  each  spot  is  measured, 
and  the  deviation  of  that  spot  from  its  in- 
tended location  is  taken  as  a  measure  of 
the  deviation  of  the  slope  of  the  corre- 
sponding portion  of  the  segment  from  the 
intended  slope. 

In  the  conventional  Shack-Hartmann 
technique,  the  strategy  for  alignment  is  to 
adjust  the  tilts  of  the  segments  in  such  a 
way  as  to  minimize  the  root-mean-square 
deviation  of  the  locations  of  all  the  cen- 
troids  from  the  intended  locations.  This 
strategy  optimizes  the  tilts  but  does  not 
assure  the  desired  continuity  of  phase 
among  segments  because  the  centroid 
measurement  is  insensitive  to  piston  er- 
rors (errors  of  displacement  along  the  op- 
tical axis). 

In  the  modified  Shack-Hartmann  tech- 
nique, each  lenslet  is  positioned  to  image 
a  small  area  that  straddles  the  boundary 
between  two  adjacent  segments.  In  this 
configuration,  each  lenslet  produces  a  dif- 
fraction image  of  a  star  or  other  far-field 
source  The  diffraction  pattern  is  affected 
by  interference  between  the  wave  fronts 
reflected  by  the  adjacent  segments  and  can  be  analyzed  to 
determine  the  piston  error  between  the  two  segments  at  that 
location. 


Reference  Mirror 
(Different  From 
tfie  Reference 
Mirrors  in 
Figure  2) 


Collimating 
^Lens 


PART  OF  SECTION  A-A  MAGNIFIED: 
CONVENTIONAL  SHACK- 
HARTMANN  TECHNIQUE 


SECTION  A-A  MAGNIFIED: 

MODIFIED  SHACK- 
HARTMANN  TECHNIQUE 


Figure  1 .  The  Shack-Hartmann  Technique  is  used  to  test  a  large, 
segmented  mirror  like  that  of  an  astronomical  telescope. 
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Figure  2.  Reference  Mirrors  in  a  Ring  define  a  reference  surface  for 
measurement  and  adjustment  of  the  segments  of  the  reflector  under  test. 


In  the  combination  technique,  the  central  hole  of  the 
segmented  mirror  would  be  occupied  by  a  reference  surface 
defined  by  six  small  reference  mirrors  arranged  in  a  ring  (see 
Figure  2).  These  mirrors  would  be  manufactured  to  the 
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desired  surface  figure  with  high  precision,  then  mounted  and 
aligned  for  precise  phase  at  the  focal  spot  (for  a  paraboloidal 
mirror)  or  center  of  curvature  (for  a  spherical  mirror). 

First,  the  tilts  of  the  segments  would  be  adjusted  with 
respect  to  those  of  the  reference  mirrors  by  the  conventional 
Shack-Hartmann  technique.  Next,  the  edges  of  the  panels 
would  be  brought  into  phase  with  each  other  and  with  the 
reference  mirrors  by  the  modified  Shack-Hartmann  tech- 
nique. Then,  returning  to  the  conventional  Shack-Hartmann 
technique,  the  deviation  in  slope  with  respect  to  the  ref- 


erence surface  would  be  measured  across 
the  full  surface,  and  the  slope  information 
thus  obtained  would  be  used  to  compute 
the  variation  in  surface  height  with  respect 
to  that  of  reference  mirrors.  Because  the 
edges  of  the  segments  would  be  phased, 
the  height  would  be  continuous  and  could 
be  mapped  over  the  whole  surface. 

Finally,  compensating  tilt  and  piston  ad- 
justments would  be  computed  for  each 
segment  to  minimize  the  overall  variation 
in  surface  height  with  respect  to  the  ref- 
erence surface.  The  piston  and  tilt  ad- 
justments would  then  be  performed  on 
each  segment.  It  is  important  to  note  that 


the  method  cannot  be  applied  iteratively 
because  continuity  of  the  surface  is  re- 
quired at  the  intermediate  steps,  and  once 
the  adjustments  are  performed,  the  sur- 
face may  no  longer  be  continuous. 

This  work  was  done  by  Paul  K.  Manhart 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Tfiis  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-18095rTN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Arif  Husain 
Mail  stop  180-801 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4862 
Patent  Counsel: 
Thomas  H.  Jones 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-5179 
Technology  Utilization 
Mar.  for  JPL:  Dr.  Norman 
L  Chalfin 
Mail  stop  156-211 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


Environmental  Science  & 
Teclinology 


0573  Bioremediation  of  Hydrocarbon-Contaminated  Soil  in  Northern  Climates 

0574  Chemical  Recycling  of  Mixed  Plastic  Wastes 

0575  Exhaust  Hood  Air  Vest 

Other  Items  of  Interest 
0607    High-Acidity  Sensor 


( 


( 


( 


Fact  Sheet 


BIOREMEDIATION  OF  HYDROCARBON-CONTAMINATED  SOIL 

IN  NORTHERN  CLIMATES 

PROBLEM 

Extreme  climatic  conditions  create  unique  problems  for  conventional  bioremediation  technologies. 
Short  operating  seasons  combined  with  low-temperature-unique  chemical,  physical,  and  biological  phe- 
nomena challenge  existing  methods. 

SOLUTION 

Innovative  technology  couples  science  and  engineering  to  develop  cost-effective  solutions.  CRREL  is 
working  with  Alaska  Department  of  Transportation  and  Public  Facilities  to  explore  three  approaches  to 
bioremediation: 

1)  Infiltration  gallery  trickling  filter  with  groundwater  recycling 

2)  Recirculating  leach  bed 

3)  Enhanced  land  farming 

All  three  technologies  are  being  demonstrated  at  the  same  field  site.  Modifications  to  mechanical  sys- 
tems were  designed  to  solve  difficulties  associated  with  extreme  low  temperatures  and  to  allow  system 
shut-down  during  the  winter.  These  engineering  solutions  are  integrated  with  an  intensive  scientific  moni- 
toring effort  focused  on  field  measurements  of  microbial  kinetics.  The  natural  variability  in  the  field  bio- 
degradation  rates  is  being  exploited  to  estimate  the  potential  for  identifying  and  removing  limitations  to 
bioremediation. 

RESULTS 

The  site  is  beginning  its  first  full  season  of  operation.  The  project  serves  as  a  demonstration  site  and  is 
available  for  tours.  Data  from  the  brief  operation  during  the  late  summer  of  1991  indicated  a  nearly  ten- 
fold variability  in  biodegradation  rates.  Identifying  the  governing  factors  for  these  differences  would 
translate  into  reduced  treatment  time  and  significant  cost  savings. 

CONTACT 

Dr.  Mike  Reynolds 
603-646-4394 


April  1992 


CRREL,  72  Lyme  Road,  Hanover,  NH  03755-1290 


US  Army  Corps 
of  Engineers 

Cold  Regions  Research  & 
Engineering  Laboratory 
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Technology  Application 


National  Renewable  Energy  Laboratory 

Chemical  Recycling  of  Mixed  Plastic  Wastes 

NREL  scientists  have  invented  a 
way  to  obtain  valuable  monomer 
chemicals  from  mixed  plastic  wastes 
without  prior  separation  of  the  waste 
components. 

The  process  chemically  "unzips" 
complex  polymers,  creating  smaller 
monomer  chains  that  can  be  used  to 
rebuild  the  original  polymer  or  to 
form  new  chemicals.  Reactions  take 
place  in  a  reactor  where  parameters 
can  be  precisely  controlled  to  form 
the  desired  monomer.  A  pyrolysis 
molecular  beam  mass  spectrometer 
identifies  reaction  products  as  they 
form,  allowing  fast  selection  of 
process  conditions  and  desired 
products. 

One  promising  near-term  applica- 
tion of  this  technology  is  recycling 
waste  carpet.  Using  scrap  material 
provided  by  the  Allied-Signal  Corp., 
researchers  have  obtained  85%  yields 
of  caprolactam  (the  monomer  of  the 
"Nylon  6"  used  in  about  half  the  car- 
pet fibers)  without  prior  separation 
of  the  fibers  from  the  polypropylene 
backing. 

Preliminary  economic  assessment 
indicates  that  a  commercial  plant 
recycling  10  million  pounds  of  waste 
carpet  per  year  could  produce  high- 
grade  caprolactam  for  about  $0.46 /lb. 
Caprolactam  currently  sells  for 
$0.90-$l  .00/lb.  Larger  plants  would 
significantly  reduce  amortized  pro- 
duction costs. 

NREL  researchers  are  now  validat- 
ing data  for  mixed-waste  plastics. 
Other  possible  applications  for 
chemical  recycling  include: 

•  Recovering  terephthalic  acid  esters 
from  the  polyethyleneterephthal- 
ate  found  in  plastic  bottles; 

•  Recovering  styrene  from  the 
polystyrene  in  residential  plastics; 
and 

•  Recovering  diisocyanates  from  the 
polyurethane  in  automobile  parts. 


( 


A  new  NREL  process  can  convert  mixed  plas- 
tic wastes  into  valuable  monomer  chemicals 
without  prior  separation  of  the  components. 


This  innovative  research  project 
began  in  1989  when  NREL  won  a 
DOE-sponsored  competition  in  the 
area  of  lightweight  materials.  Infor- 
mation gathered  during  the  project 
will  be  incorporated  into  a  data  base 
for  use  by  government  and  industry 
researchers  as  they  develop  new 
ways  to  reclaim  plastic  waste  and 
discarded  plastic  products. 


For  Additional  Information: 

Steve  Rubin 

National  Renewable  Energy  Laboratory 

1617  Cole  Boulevard 

Golden,  CO  80401  -3393 

(303)  231-7303  ( 

Refer  to  Volume  XIV,  Number  1/TN 
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Lawrence  Berkeley  Laboratory 


Exhaust  Hood  Air  Vest 


E 


'xhaust  hoods  (also  called  spray-booths  when  used  with  spraying  operations)  are  widely  used  in 
industry  to  protect  workers  from  fumes  and  aerosols  which  are  generated  during  a  process  operation.  Exhaust 
hoods  draw  the  air  from  the  process  area  room  and  exhaust  it  to  the  outside.  These  hoods  work  fine  until  a 
worker  stands  in  the  face  of  the  exhaust  hood.    This  causes  a  back-eddy  to  develop  in  front  of  the  worker 
that  draws  some  of  the  harmful  material  from  the  process  area  towards  the  face  of  the  worker — reducing  the 
exhaust  hood's  performance. 

An  "AirVest"  developed  at  Lawrence  Berkeley  Laboratory  makes  the  worker  essentially  transparent 
to  the  air  flow  of  the  exhaust  hood.  The  apparatus  is  worn  by  the  person  using  the  exhaust  hood.  It  draws  air 
from  the  back  of  the  worker  and  expels  it  through  multiple  openings  (or  a  permeable  fabric)  out  in  front  of 
the  operator  toward  the  fume  hood.  LBL's  invention  can  significantly  increase  the  effectiveness  of  pollutant 
removal  and  transport.  The  pollutant  concentration  in  the  breathing  zone  of  the  worker  is  cut  by  factors  of 
100  to  800  while  reducing  the  electricity  consumption  of  the  exhaust  hood. 


Applications 

♦  Chemical  industry 

♦  Paint  shops  in  the  automotive 
industry 

♦  Research  laboratories 

Advantages 

♦  Reduces  and/or  eliminates 
harmful  fume  concentrations 
near  breathing  zone.  Experimen- 
tal results  show  a  pollutant 
reduction  factor  of  100  to  800 
times. 

♦  Cost  effective — the  fume 
hood's  velocity  can  be  reduced 
to  significantly  decrease  fan 
power  consumption  while 
increasing  pollutant  removal 
and  transport.  Furthermore, 
the  AirVest  reduces  energy 
corisumption  on  make-up  air 
conditioning.  Result — large 
dollar  savings  for  multi-shift 


factories.  Saves  several  hun- 
dred dollars  (e.g.,  $1000  for  a 
factory  in  Chicago)  per  shift, 
per  hood,  per  year. 

♦  The  same  AirVest  can  be  used 
by  different  shifts. 

♦  Completely  compatible  widi 
existing  technology  and  procedures. 

♦  Cost  savings  and  applicability 
will  increase  as  regulatory 
trends  continue  to  lower 
operator  exposure  limits  for 
pollutants. 


Product 

♦  Exhaust  hood/AirVest  combi- 
nation can  be  marketed  as  a 
combined  worker  exposure 
reduction  technology  and 
energy  saver. 

♦  Estimated  production  cost  is 
less  than  $200  per  AirVest — 
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estimated  sales  price,  based  on 
energy  savings  alone,  could  be 
$1000  per  AirVest. 

}Aarket 

♦  All  industries  which  use 
exhaust  hoods. 


Development  Status 

♦  LBL  has  a  first  generation 
prototype. 

♦  Two  full  time  employees  are 
needed  for  four  months  to 
improve  the  design  in  terms  of 
power  consumption,  bulkiness 


and  performance. 

♦  Two  full  time  employees  are 
needed  for  four  months  to 
investigate  potential  failure 
modes. 

♦  Patent  pending 

♦  Ready  to  license 


( 


For  further  information  contact 

Lawrence  Berkeley  Laboratory 
Technology  Transfer  Department 
1  Cycoltron  Road 
Mail  Stop  90-1070 
Berkeley,  CA  94720 
(510)486-6467 
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Tools 


0576  All  Aluminum  Components  For  Microwave  Systems 

0577  Rapid  Prototyping  Program 

0578  Robotic  Contact/Filler  Insertion  System 

0579  Enhancements  To  Robotics  For  Major  Assembly  (ERMA) 

0580  Automated  Blast  Cleaner— An  apparatus  cleans  surfaces  quickly  and 
consistently. 

0581  Casting  Stainless-Steel  Models  Around  Pressure  Tubes — The 
survivability  of  thin-wall  stainless-steel  tubing  is  Increased  to  nearly  100 
percent. 

0582  Preloading  Collet  Latch — ^A  vibration-resistant  fastener  can  replace  a 
pinned  or  threaded  fastener. 

0583  Protective  Cover  for  Degreasing — A  tightly  fitting  elastomeric  cover 
exposes  only  surfaces  to  be  degreased.  (Licensing  Opportunity) 

0584  Recursive  Filtering  and  Smoothing  in  Robot  Dynamics — Techniques 
developed  originally  for  electronic  systems  are  also  useful  for  multibody 
mechanical  systems. 

0585  Stiff er  Circumferential  Dovetail  Mount  for  Turbine  Blades — Material  is 
distributed  to  resist  bending  more  efficiently.  (Licensing  Opportunity) 

0586  Tool  for  Installation  and  Removal  of  Welding  Electrodes — The  tool  helps 
align  electrodes  of  different  diameters. 

Other  Items  of  Interest 

0549    Computer-Generated  Holographic  Projection  X-ray  Lithography — 
Elegant  new  approach  to  make  circuits  for  semiconductor  industry 

0575    Exhaust  Hood  Air  Vest 
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All  Aluminum  Components  For 
Microwave  Systems 

(AACOMS)  -  TRW,  Inc., 
Electronic  Systems  Group 

This  Industrial  Modernization  Incentives  Program 
(IMIP)  project  was  implemented  at  the  TRW 
facility  in  Redondo  Beach,  CA. 

PROJECT  PURPOSE 

The  purpose  of  this  project  was  to  reduce  the  high 
production  costs  and  shorten  the  long  fabrication 
cycle  time  for  producing  precision  microwave 
antenna  components  used  on  spacecraft. 

APPROACH 

The  AACOMS  project  successfully  adapted  the  Hot 
Isostatic  Pressing  (HIP)  process  to  the  fabrication  of 
precision  UHF  and  SHF  antenna  components  for 
communications  spacecraft.  The  HIP  process 
permitted  fabrication  of  a  single  piece  horn  and 
transition  device  made  entirely  of  aluminum. 
Previously,  machined  aluminum  horns  were  bolted 
to  electroformed  copper  transition  pieces.  The  HIP 
process  (note  graphic  at  right)  begins  with  a  steel 
mandrel  or  mold  which  is  placed  inside  a  featureless 
cavity  of  an  aluminum  alloy  preform.  After  the 
mandril  (whose  surface  is  a  mirror  image  of  the 
features  required  in  the  microwave  cavity  of  the 
resulting  part)  is  placed  inside  the  preform,  the 
assembly  is  evacuated  and  sealed.  Heat  and 
extremely  high  pressure  are  then  applied,  thereby 
crushing  the  inner  walls  against  the  mandrel  and 
shaping  the  aluminum  to  the  contours  of  the  mold. 
The  preform  with  the  mandrel  in  place,  is  then 
machined  to  the  specific  external  shape.  This  is 
followed  by  an  acid  bath  which  dissolves  the  steel 
mandrel  leaving  only  the  aluminum  horn  with  its 
integrally  formed  transition  device  and  associated 
complex  microwave  cavity. 


PROJECT  BENEFITS' 

Direct  labor  hours  and  production  cycle  time  were 
each  reduced  by  40%.  Another  benefit  resulting 
from  the  use  of  this  process  was  a  weight  savings  of 
12  pounds  per  spacecraft.  Additionally,  tests 
indicated  that  the  HIP-produced  horns  outperform 
equivalent  machined  horns  and  electroformed 
transition  assemblies. 

APPLICATIONS 

This  technology  is  applicable  to  precision  forming 
of  complex  microwave  cavities  of  the  type  required 
for  spacecraft,  missile  and  advanced  avionic 
antennae.  Precision  mechanical  microwave  devices 
now  made  in  several  segments  can  be  integrated 
into  one  component.  Complex  cavities  impossible 
to  machine  or  otherwise  conventionally  produce, 
can  be  formed  and  even  lined  with  a  metal  different 
from  the  (structural)  preform  material. 

PROJECT  STATUS 

This  IMIP  project  was  completed  in  July,  1989. 


Components  of  Pre-HIP  Assembly 


Post-HIP  Final 
Operations 
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TECHNICAL  DOCUMENTATION 

For  more  information,  contact  the  company  Point- 
of-Contact  (listed  below). 

COMPANY  POINT-OF-CONMOU 

TRW,  Inc. 

Electronic  Systems  Group 
Jerry  Hen- 
One  Space  Park 
M3/2107 

Redondo  Beach,  CA  90278 
(310)813-9695 


GOVERNMENT  SPONSOR 
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Space  Systems  Division 

(SSD/SDFM)  Mr.  Ted  Krawczyk 

P.O.  Box  92960 

Los  Angeles,  CA  90009 

(310)  336-2419  DSN:  833-2419 

INDUSTRIAL  TECHNOLOGY  OMBUDSMAf 

Wright  Laboratory 
WL/MTX  (Robert  Reifenberg) 
Wright-Patterson  AFB,  OH  45433-6523 
(513)255-7362 


( 


HIP  formed  aluminum  horn 


Antenna  sub-assembly 


Spacecraft 
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Rapid  Prototyping  Program  - 

B-52  Brake  Pedal  Redesign 

This  project  was  conducted  under  the  MANTECH 
program.  As  a  part  of  the  Air  Force  Industrial  Base 
Program,  MANTECH  provides  new  manufacturing 
techniques  to  solve  production  and  design-to- 
production  problems.  This  project  was  performed 
by  a  team  of  MANTECH,  San  Antonio  Air 
Logistics  Center,  University  of  Dayton,  and 
University  of  Kentucky  engineers. 


PROJECT  PURPOSE 

The  purpose  of  this  project  was  to  use  rapid 
prototyping  technology  to  quickly  respond  to  the 
Strategic  Airlift  Command's  issuance  of  a  safety 
modification  for  all  B-52  aircraft  brake/rudder 
pedals.  Due  to  program  constraints  a  contractor  was 
unable  to  create  a  working  prototype. 


r ". '^"tfjK^K.'^sf'''?'' 


APPROACH 
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Starting  with  a  two-dimensional  blueprint  provided 
by  Air  Force  Logistics  Command  (AFLC), 
Computer  Aided  Design  (CAD)  was  used  to 
produce  a  three  dimensional  model  for  use  with  a 
stereolithographic  machine.  Within  a  week,  the  first 
part  was  fabricated  and  underwent  form,  fit  and 
function  testing  on  a  B-52G.  Interference  problems 
were  discovered  which  resulted  in  the  quick 
modification  of  the  computer  simulation  model. 
Subsequently,  a  second  prototype  was  produced  in 
less  than  three  days  by  the  Center  for  Robotics  and 
Manufacturing  Systems  at  the  University  of 
Kentucky. 


W- 


i£:<wi».\Ni&£2:»:M^v  >.  ^ 


PROJECT  BENEFITS 


An  estimated  cost  avoidance  of  $500-$800K  was 
realized  as  a  result  of  early  detection  of  design 
problems  which  were  corrected  prior  to  part 


fabrication.  Compared  to  alternate  prototyping 
methods,  a  savings  of  8  to  12  weeks  was  realized.  In 
other  words,  this  project  was  performed  in  about  1/3 
the  typical  time.  Physical  models  (or  prototypes) 
can  communicate  form,  fit,  and  function  in  an 
efficient  manner  among  design  team  members. 


APPLICATIONS 


This  type  technology  can  be  applied  where  complex 
parts  are  being  designed  to  reduce  or  eliminate 
downstream  changes  and  reduce  life-cycle  costs. 


^g  LESSONS  LEARNED 

Using  this  approach,  AFLC  can  continue  to  reduce 
the  risk  associated  with  part  redesign  prior  to 
committing  significant  funds  for  retrofit. 

PROJECT  STATUS 

This  project  is  complete.  Based  on  the  value  of  this 
effort,  the  Manufacturing  Technology  Directorate 
has  proposed  a  two  year  generic  MANTECH 
project,  "Rapid  Prototyping  of  Small  Manufactured 
Parts",  with  a  FY93  start  date. 
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TECHNICAL  DOCUMENTATION 


For  fiirther  information,  contact  one  of  the  project 
point-of-contacts  provided  on  this  bulletin. 


GOVERNMENT  SPONSOR 


Wright  Laboratory 

WL/MTR  (Mr.  James  Poindexter) 

Wright-Patterson  AFB,  OH  45433-6533 

(513)255-8589 


ADDITIONAL  POINT-OF-CONTACT 

Mr.  Steven  Gregory 

Director,  Stereolithography  Ctr. 

SAALC-TIMCE 

Kelly  AFB 

San  Antonio,  TX  78241-5000 

(512)925-4661 
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INDUSTRIAL  TECHNOLOGY  OMBUDSMAN 

Wright  Laboratory 
WL/MTX  (Robert  Reifenberg) 
Wright-Patterson  AFB,  OH  45433-6523 
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Robotic  Contact/Filler 
Insertion  System 

General  Dynamics  (GD) 

This  Industrial  Modernization  Incentives  Program 
(IMIP)  project  was  implemented  at  the  Fort  Worth 
Texas  facility. 

PROJECT  PURPOSE 

The  connectors  which  tie  an  aircraft's  (e.g.,  F-16) 
electrical  system  together  may  have  as  many  as  152 
spaces  for  contact  pins,  although  not  all  spaces  are 
utilized.  This  larger  capacity  reserves  space  for 
possible  future  needs  without  having  to  change  the 
interface.  Military  environmental  seal  specifications 
require  each  connector  cavity  not  containing  an 
electrical  contact  be  plugged  with  a  contact/filler. 
Installing  a  blank  contact  provides  an  environmental 
seal  in  the  connector  grommet.  The  manual  method 
of  installing  these  blank  contact/fillers  requires  the 
operator  to  receive  a  harness  subassembly,  select 
the  connector  plug  chart  for  the  specific  end  point 
being  assembled,  verify  parts  correspond  to  shop 
order,  check  chart  to  determine  fill  sequence,  locate 
correct  cavity,  select  and  insert  the  contact  and  the 
filler.  A  faster,  more  accurate  method  was 
necessary. 


APPROACH 

An  Automatix  robot  with  its  own  computer,  control 
system,  and  Moorfeed  vibrator  feed  bowl  were 
purchased  and  interlinked  with  a  General 
Dynamics-designed  end  effector,  air-assist  contact/ 
filler  system,  and  connector  fixturing.  A  computer- 
linked  visual  inspection  camera  and  light  table  were 
added  to  assure  connectors  are  configured  correctly. 
The  resulting  system  is  capable  of  handling  two 


connector  socket  sizes,  two  pin  sizes  and  four  filler 
sizes  which  together  encompass  85%  of  the 
manually-inserted  electrical  contacts  and  fillers  in 
the  (then)  current  F-16  production.  The  contacts  and 
fillers  are  vibrated  out  of  the  feed  bowls  and  air 
blown  through  tubes  to  the  end  effector,  which  they 
enter  in  a  vertical  position.  An  air  cylinder  extends, 
pushes  the  contact  into  the  correct  connector  cavity, 
and  retracts.  A  filler  is  then  inserted  in  the  same 
manner.  This  process  is  repeated  while  being 
monitored  by  sensors  to  assure  correct  placement. 
Information  on  each  connector  configuration  is 
downloaded  from  a  VAX  computer  and  read  into  a 
skeleton  program  in  the  robot  controller.  This  was 
the  first  off-line  programmed  robotic  assembly 
system  implemented  at  the  Fort  Worth  Division. 


Continued  on  reverse  side 


578 


Reference  Number-  MT9201 1 E  -  APR 


PROJECT  BENEFITS 

Six  times  faster  and  much  more  reliable  than  the 
manual  method,  the  blank  contact/filler  insertion 
system  will  save  nearly  $1  million  through  1993 
with  a  payback  on  investment  of  2.2  years.  The 
F-16  aircraft's  reliability  has  benefitted  from  this 
manufacturing  method. 


APPLICATIONS 


rwr 


Assembly  of  electrical  components  requiring 
MILS  PEC  contact/filler  insertion  can  benefit  from 
this  technology. 

PROJECT  STATUS 

This  project  was  completed  in  May,  1985. 

Technical  report  numbers  are  as  follows: 

Defense  Technical  Information  Center 

(DTIC)  No.:  B-096492L 

Defense  Logistics  Studies  Information  Exchange 

(DLSIE):64180-C: 

General  Dynamics  No.:  GD-TM-147 


COMPANY  POINT-OF-CONTACT 


General  Dynamics 
Fort  Worth  Division 
Mr.  Gregory  Melven 
P.O.  Box  748 
Fort  Worth,  TX  76101 
(817)777-5042 


,     GOVERNMENT  SPONSOR      • 

Aeronautical  Systems  Division 
ASDrfPMA  (Mr.  Dabrowski) 
Wright-Patterson  AFB,  OH  45433-6523 
(513)255-6833 
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WL/MTX  (Robert  Reifenberg) 
Wright-Patterson  AFB,  OH  45433-6523 
(513)255-7362 
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Enhancements  To  Robotics  For 
Major  Assembly  (ERMA) 

LTV  Aerospace  and  Defense  Company 

This  Industrial  Modernization  Incentives  Program 
(IMIP)  project  was  implemented  at  the  LTV  facility 
in  Dallas,  Texas. 

PROJECT  PURPOSE 

The  purpose  of  the  ERMA  IMIP  was  to  improve 
and  expand  the  operations  of  the  "RMA"  B-2 
robotic  drilling  and  fastening  cell  at  LTV  Aircraft 
Division.  The  RMA  system  was  developed  under  an 
Air  Force  MANTECH  contract  and  has  been  used 
in  production  since  late  1987. 

APPROACH  , 

The  approach  taken  in  the  ERMA  IMIP  contained 
two  general  categories  of  tasks.  The  first  category 
of  tasks  dealt  with  improvement  of  machine 
operations  to  increase  productivity  and  improve 
quality.  The  second  category  concerned  extending 
the  application  of  the  RMA  to  additional  B-2 
assemblies.  The  following  tasks  comprised  the  first 
category: 

1)  Increase  the  holes  drilled  per  set-up  and 
decrease  number  of  tool  changes  by  implementing 
polycrystalline  diamond  (PCD)  drills. 

2)  Improve  countersink  depth  control  to  reduce 
rework  and  meet  fastener  flushness  requirements  by 
incorporating  hydraulic  depth  sensing  tool  holders. 

3)  Upgrade  fastener  installation  by  increasing 
number  of  storage  bowls,  improving  delivery/ 
orientation/insertion  methods,  and  providing 
adaptive  feedback  for  fastener  length  selection. 

The  second  category,  extending  RMA  application, 
consisted  of  the  following  tasks: 

1)  Tooling  revisions  both  at  the  cell  and  in 
preceding  operations. 

2)  Scheduling  and  planning  changes. 

3)  Creation  of  part  programs  for  the  selected 
additional  assemblies. 


;  PROJECT  BENEFITS 

Benefits  from  the  ERMA  IMIP  are: 

1)  Better  utilization  of  the  RMA  due  to  the 
addition  of  the  second  set  of  assemblies  to  cell  work 
load. 

2)  Improved  quality  of  fastener  installations  in 
the  added  assemblies  already  fastened  in  the  RMA 
cell. 

J^PPUCATIONS 

The  RMA  is  now  used  in  installing  some  8,000 
fasteners  per  unit  in  two  sets  of  major  assemblies 
produced  at  LTV  for  the  B-2  bomber.  Prior  to 
implementation  of  the  ERMA  IMIP,  4,400  fasteners 
per  unit  were  installed  in  one  set  of  assemblies.  The 
machine  drills,  countersinks,  seals,  and  inserts 
threaded  fasteners.  The  B-2  assemblies  on  which  it 
is  used  are  made  up  of  graphite  epoxy  skins  which 
can  have  aluminum,  titanium,  or  graphite  epoxy 
understructure.  Operations  are  performed  under 
programmed  computer  numerical  control,  with 
machine  vision  and  laser  systems  providing 
adaptive  feedback  to  correct  for  production 
variations  from  the  part  program. 

^PROJECT  STATUS 

Scheduled  completion  for  this  IMIP  project  is  April 
30,  1992. 
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LESSONS  LEARNED 


Enhancement  of  an  existing  system  for  automated 
drilling  and  fastening  in  composite/metallic 
assemblies  can  significantly  reduce  costs  and 
improve  quality. 


ECHNICAL  DOCUMENTATION 

Final  report  is  forthcoming.  Contact  one  of  the 
listed  points-of-contact  for  more  information. 


GOVERNMENT  SPONSOR 


Aeronautical  Systems  Division 
ASDA^SM  (Capt  Steve  Hepler) 
Wright-Patterson  AFB,  OH  45433-6503 
(513)255-1198     DSN:  785-1198 
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COMPANY  POINT-OF-CONTACT 

LTV  Aerospace  and  Defense  Company 

Mr.  J.  L.  Galloway,  Technical  Program  Manager 

P.O.  Box  655907  MS  49L-17 

Dallas,  TX  75265-5907 

(214)266-5210 


INDUSTRIAL  TECHNOLOGY  OMBUDSMAN 

Wright  Laboratory 
WL/MTX  (Robert  Reifenberg) 
Wright-Patterson  AFB,  OH  45433-6523 
(513)255-7362 
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The  purpose  of  the  Technology  Transfer  Bulletin  is  primarily  to  highlight  successful  or  promising  applications  of  industrial  technologies  with 
proven  or  probable  worth  to  industry  and  the  Air  Force.  It  also  provides  a  vehicle  for  airing  initiatives  within  the  Air  Force  Industrial  Base  Program. 
This  document  provides  an  awareness  of  these  technologies  and  initiatives  to  foster  interaction  between  industry  and  the  Government  to  benefit  the 
defense  industrial  base.  Ail  comments  concerning  this  document  should  be  addressed  to  WL7MTX(Industrial  Technology  Ombudsman) 
Wright-Patterson  AFB,  OH  45433-6523. 

The  Technology  Transfer  Bulletin  does  not  imply  any  endorsement  or  commitment  by  the  Government  to  procure  given  technology,  process,  or 
product. 

FOREIGN  DISSEMINATION 

Details  regarding  many  manufacturing  technology  programs  (for  example:  M  ANTECH  and  IMIP)  are  subject  to  special  export  controls.  Therefore, 
follow-up  from  any  foreign  source  should  be  processed  through  embassy  channels  following  normal  procedures  for  request  of  technical  information 
or  technology  transfer. 
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Automated  Blast  Cleaner 

An  apparatus  cleans  surfaces  quickly  and  consistently. 


An  automatic  grit-blasting  machine  removes  melted-layer 
residue  from  electrical-discfiarge-machined  surfaces  of  tur- 
bine blades.  The  automatic  control  system  of  the  machine 
provides  a  steady  flow  of  grit  and  maintains  the  blast  nozzles 
at  the  proper  distance  and  in  the  correct  orientation  perpen- 
dicular to  the  surface  being  blasted,  regardless  of  its  contour. 
The  automatic  control  system  eliminates  localized  excessive 
blasting  and  the  consequent  excessive  removal  of  underlying 
material,  blasting  of  adjacent  surfaces,  and  missed  areas,  all 
of  which  occurred  in  the  previous  manually  controlled  grit- 
blasting  operation. 

An  operator  installs  a  blade  in  one  of  two  fixtures  on  a 
conveyor  and  presses  a  foot  pedal  to  start  the  machine.  The 
conveyor  moves  the  blade  into  a  blasting  box.  As  the  blade 
approaches  the  grit-blast  nozzles,  cams  on  the  conveyor 
engage  rollers  on  each  of  the  nozzles  to  maintain  each  nozzle 
at  a  constant  distance  from  the  surface  to  be  blasted.  Ramps 
on  the  ends  of  the  cams  activate  switches  to  start  and  stop  the 
flow  of  grit  at  the  ends  of  the  surfaces  to  be  blasted. 

There  are  two  pairs  of  nozzles  on  opposite  sides  of  the 
blade.  They  tilt  and  slide  inward  and  outward  as  directed  by  the 
cams  and  the  rest  of  the  automatic  control  system.  The  flow 
of  grit  is  stopped  after  15  seconds,  and  the  blade  leaves  the 
blast  box.  Meanwhile,  the  operator  has  loaded  another  blade 
in  the  other  fixture,  and  the  cycle  is  repeated.  The  machine  can 
process  two  blades  per  minute — one-fifth  the  time  of  the 
manually  controlled  procedure. 

This  work  was  done  by  Isaiah  R.  Pickett  and  Alyce  R.  Yulfo 
of  Rockwell  International  Corp.  for  Marshall  Space  Flight 
Center.  MFS-29774rrN 
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The  Conveyor  Platform  carries  turbine  blades  in  fixtures  through  the 
blasting  box.  Cams  on  the  fixture  help  to  control  the  blasting  nozzles. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Casting  Stainless-Steel  Models  Around  Pressure  Tubes 

The  survivability  of  tliin-wali  stainless-steel  tubing  is  increased  to  nearly  100  percent. 


Using  a  new  technique  developed  at 
NASA  Langley  Research  Center,  a  stain- 
less-steel model  was  successfully  cast 
around  thin-wall  stainless-steel  pressure 
tubes.  For  nnany  years,  this  was  consid- 
ered infeasible.  Heretofore,  success  could 
be  achieved  only  if  the  stainless-steel  tubes 
were  cast  in  either  gunnnetal  or  aluminum, 
inasmuch  as  the  melting  temperatures  of 
these  metals  are  lower  than  that  of  steel. 

Previous  attempts  to  cast  stainless  steel 
around  stainless-steel  tubes  were  unsuc- 
cessful because  (1)  the  tubes  contain  mo- 
lybdenum and/or  titanium,  the  melting  points 
of  both  of  which  are  higher  than  that  of 
steel,  and  (2)  as  a  consequence,  the  tubes 
became  stringy  and  spaghettilike  when 
molten  metal  flowed  over  them.  As  a  re- 
sult, the  tubes  cracked  and  filled  with 
molten  steel.  Various  attempts  to  protect 
the  tubes  and  keep  them  clear  of  molten 
metal  proved  unsuccessful. 

In  the  first  step  of  an  experiment  in  the 
new  technique,  alumina  ceramic  tubes  of 
0.010-in.  (0.25-mm)  wall  thickness  were  set 
in  place  while  a  stainless-steel  test  speci- 
men was  cast  around  them  (see  figure). 
The  ceramic  tubes  survived  the  thermal 
shock,  the  intense  heat,  and  the  bearing 
load  of  the  steel  casting.  The  integrity  of 
the  tube  holes  was  sustained,  and  all  tubes 
were  clear  of  molten  metal.  Ceramic  tubes 
were  also  incorporated  into  a  centrifuge- 
cast  stainless  steel  specimen,  identifying 
this  technique  as  a  viable  concept  for  mak- 
ing stainless-steel  pressure  models. 

The  next  step  was  to  insert  thin-wall  ce- 
ramic tubes  into  stainless-steel  tubes  to 
determine  whether  the  thin-walled  ceramic 
tubes  would  prevent  molten  steel  from 
penetrating  and  filling  the  stainless-steel 
tubes.  It  was  found  that  the  ceramic  tubes 
did,  indeed,  have  this  effect  and  that  the 
process  was  repeatable. 


stainless-Steel 
Specimen 


STEP  1;     STAINLESS.«TEEL  SPECIMEN  CAST  AROUND  CERAMIC  TUBES 
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STEP  2:  STAINLESS-STEEL  SPECIMEN  CAST  AROUNO 

STAINLESS-STEEL  TUBES  CONTAINING  CERAMIC  TUBE  INSERTS 
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STEP  3:  STAINLESS-STEEL  MODEL  CAST  AROUND 

STAIN LESS-STEEL  TUBES  CONTAININQ  CERAMIC  TUBE  INSERTS 


( 


The  New  Technique  for  Casting  a  Stainless-Steel  Model  around 
strainless-steel  pressure  tubes  was  investigated  and  demonstrated 
in  a  three-step  experiment. 


In  the  last  step  of  the  experiment,  eight 
stainless-steel  tubes  with  ceramic  inserts 
v\/ere  placed  into  the  mold  of  a  model,  and 
the  model  was  cast  in  stainless  steel  by 
use  of  the  lost-wax  method.  This  proce- 
dure was  repeated,  and  the  same  results 
were  obtained;  namely,  that  the  stainless- 
steel  tubes  survived  the  casting  process 
intact. 

This  technique  has  improved  the  state 
of  the  art  in  pressure-model  castings  and 
reduced  the  cost  associated  with  machin- 
ing a  complete  model  from  a  stainless- 


steel  blank.  Prior  to  the  advent  of  this  tech- 
nique, the  failure  rate  of  stainless-steel 
tubes  cast  in  stainless  steel  was  nearly 
100  percent.  With  this  technique  the  rate 
of  survival  of  stainless-steel  tubes  cast  in 
stainless  steel  should  be  nearly  100  per- 
cent. 

This  work  was  done  by  Peter  Vasquez 
and  John  R.  Micol  of  Langley  Research 
Center.  LAR-14213/TN 
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Preloading  Collet  Latch 


A  vibration-resistant  fastener  can  replace  a  pinned  or  threaded  fastener. 


A  collet  latch  preloads  joined  connpo- 
nents  like  a  threaded  fastener.  Unlike  a 
screw  and  nut,  however,  the  latch  can  be 
connected  or  disconnected  almost  instant- 
ly, without  tools,  and  resists  loosening  by 
vibration.  It  can  also  directly  replace  a  pin 
fastener. 

Principal  elements  of  the  latch  include 
a  slotted  collet,  a  preloading  spring  as- 
sembly, and  an  actuating  lever  (see  figure). 
The  latch  is  inserted  in  a  hole  in  the  parts 
to  be  clamped  together  while  in  its  un- 
damped configuration,  with  the  actuating 
lever  up.  In  this  configuration,  an  internal 
expander  rod  is  in  its  uppermost  position 
so  that  the  collet  fingers  are  sprung  radially 
inward.  The  collet  thus  fits  readily  in  the 
fastener  hole. 

Once  the  collet  is  seated  in  the  hole, 
the  user  rotates  the  lever  clockwise.  This 
action  moves  the  expander  rod  downward, 
forcing  the  collet  fingers  outward.  Projec- 
tions on  the  tips  of  the  collet  fingers  en- 
gage a  bearing  ring  on  the  far  side  of  the 
hole. 

Continued  rotation  of  the  lever  forces 
a  cam  surface  against  a  cup  that  holds 
the  preloading  spring  assembly.  The  cup 
compresses  a  set  of  Belleville  springs  in 
the  assembly  against  a  piston,  which  in 
turn  presses  against  the  upper  surface  of 
the  upper  part  to  be  fastened.  When  the 
lever  has  been  rotated  a  full  90°  clockwise, 
a  locking  tab  engages  a  ratchet  notch.  A 
curved  spring  holds  the  locking  tab  in  the 
notch.  |n  this  configuration,  the  latch  is 
secure. 

To  disconnect  the  latch,  the  user  sim- 
ply presses  down  on  the  locking  tab  with 
a  finger  while  rotating  the  lever  counter- 
clockwise. A  full  90°  rotation  retracts  the 
expander  rod.  The  collet  fingers  once  again 


(TF 


BEFORE  INSERTION 


INSERTED.  LOCKING 
OPERATION  BEGINNING 


Cross  Sections  Show  the  Sequence  of  locking  operations.  When  the  mechanism  is  fully 
locked,  the  actuating  lever  is  90°from  its  starting  position  and  held  by  a  locking  tab  engaged 
in  a  ratchet  notch. 


spring  inward,  and  the  collet  can  be  ex- 
tracted from  the  hole. 

This  work  was  done  by  Clarence  J. 
Wesselski  and  Kornel  Nagy  of  Johnson 
Space  Center.  For  further  information, 
Circle  56  on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 


quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Center  [see  page 
20].  Refer  to  MSC-21730/TN 
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Protective  Cover  for  Degreasing 

A  tightly  fitting  elastomeric  cover  exposes  only  surfaces  to  be  degreased. 


A  cover  protects  the  outside  surface  of 
a  pump  housing  when  the  housing  is  inn- 
mersed  in  a  trichloroethylene  or  other  de- 
greasing  solvent.  The  interior  surface  and 
flanges  of  the  housing  can  thus  be  de- 
greased  while  the  outside  surface  stays 
dry.  The  cover  is  needed  because  outer 
surface  of  the  particular  housing  is  plated 
with  a  foam  that  would  be  damaged  by  the 
solvent. 

The  cover  is  a  bag  made  of  fiberglass- 
reinforced  room-temperature-vulcanizing 
elastomer  (FfTVE).  Holes  on  opposite  faces 
of  the  bag  allow  it  to  be  slipped  over  the 
housing  flanges  and  inlet  (see  figure).  The 
RTVE  then  forms  a  tight  seal  that  prevents 
degreasing  solvent  from  entering  the  bag 
and  wetting  the  outer  surface  of  the  housing. 

This  work  was  done  by  Edwin  D.  Wolff 
of  RoclKweli  International  Corp.  for  Mar- 
shall Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
r\/IFS-29748/TN. 
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BAG  ON  HOUSING 


Openings  in  the  Bag  fit 

over  flanges  to  form  a  leak- 
proof  seal  around  the  outer 
surface  of  the  housing. 
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Technology  Utilization 

Officer:  Ismail  Akbay 
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Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Robert  L  Broad,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0021 
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Recursive  Filtering 
and  Smootiiing  in 
Robot  Dynamics 

Techniques  developed 
originally  for  electronic 
systems  are  also  use- 
ful for  multibody 
mechanical  systems. 

A  report  sunnnnarizes  nnethods  developed 
by  the  author  to  solve  the  nonlinear  for- 
ward-dynamics problem  for  a  robot  of  mul- 
tiple-link arms  connected  by  joints.  (The 
forward-dynamics  problem  is  to  find  the 
joint-angle  accelerations  from  the  torques 
applied  to  the  joints.)  The  primary  objec- 
tive of  the  paper  is  to  show  the  equiva- 
lence between  recursive  methods  of  dy- 
namical analysis  and  some  filtering  and 
smoothing  techniques  from  state-estima- 
tion theory.  The  author's  work  in  demon- 
strating this  equivalence  is  noteworthy  be- 
cause the  state-estimation  theory  was 
originally  developed  for  the  analysis  of 
linear  electrical  and  electronic,  rather  than 
nonlinear  mechanical,  systems. 

Although  the  overall  dynamical  equations 
of  a  multiple-arm  robot  are  nonlinear,  they 


include  a  linear  relationship  between  the 
applied  torques  and  the  joint-angle  ac- 
celerations at  any  given  time.  A  state-space 
mathematical  model  can  be  used  to  char- 
acterize this  linear  relationship.  The  states 
in  this  model  are  the  forces  and  torques 
(denoted  here  collectively  as  "spatial 
forces")  applied  to  each  link  at  each  joint. 
The  state-space  "model  is  spatially  recur- 
sive in  the  sense  that  the  spatial  forces 
are  represented  as  being  propagated  from 
each  link  to  the  next  via  the  joint  between 
them.  The  propagation  at  each  joint  is  rep- 
resented by  a  transition  matrix,  and  the  in- 
ertial  properties  of  each  link  are  repre- 
sented by  an  inertia  matrix.  The  costates 
in  the  model  are  the  linear  and  angular  ac- 
celerations of  the  joints  (denoted  here  col- 
lectively as  "spatial  accelerations"). 

The  author  has  observed  that  such  a 
model  makes  it  possible  to  use  the  highly 
developed  techniques  of  the  theory  of  lin- 
ear systems  —  particularly  the  recursive 
filtering  and  smoothing  techniques  of  state- 
estimation  theory  for  systems  in  which  the 
inputs  and  outputs  are  sampled  at  discrete 
times.  An  algorithm  for  the  solution  of  the 
fonward-dynamics  problem  can  be  repre- 
sented by  the  predictor/corrector  architec- 


ture of  the  Kalman  filter.  The  moments  ap- 
plied to  the  joints  are  fed  as  inputs  to  the 
filtering  stage,  which  produces  a  sequence 
of  spatial  constraint  forces  acting  on  the 
joints.  The  differences  between  the  actual 
and  predicted  applied  torques  are  fed  to 
the  smoothing  stage,  which  produces  a 
set  of  spatial  accelerations  and  a  corre- 
sponding set  of  joint-angle  accelerations. 

One  of  the  advantages  of  the  filtering- 
and-smoothing  approach  is  that  it  leads  to 
the  discovery  of  new  physical  and  math- 
ematical insights  that  would  otherwise  be 
difficult  to  discover.  For  example,  there  is 
an  equivalence  between  the  spatial-inertia 
matrix  and  a  covariance  matrix  in  state- 
estimation  theory.  Other  advantages  of  the 
filtering-and-smoothing  approach  are  that 
it  is  well  known  and  widely  accepted,  con- 
siderable experience  has  been  gained  in 
both  analysis  and  computation,  and  stand- 
ardized software  to  implement  filters  and 
smoothers  is  available. 

777/s  work  was  done  by  Guillermo 
Rodriguez  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  "Spatially  Recursive 
Filtering  and  Smoothing  for  Robot 
Dynamics."  NPO-17787/TN 
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Stiffer  Circumferential  Dovetail  Mount  for  Turbine  Blades 

Material  is  distributed  to  resist  bendirig  more  efficiently. 


A  multitnook  circumferential  dovetail  configuration  for  mount- 
ing blades  around  the  circumference  of  a  rotor  disk  in  a  turbo- 
machine  reduces  the  bending  stresses  in  the  disk.  In  the  multihook 
dovetail  configuration,  the  posts  (which  are  those  subparts  of  the 
circumferential  part  of  the  disk  that  remain  after  machining  of  the 
dovetail  slots)  are  relatively  thick  at  the  location  of  the  maximum 
bending  moment. 

In  a  conventional  circumferential  dovetail,  the  location  of 
minimum  thickness  of  a  post  is  near  the  point  where  maximum 
bending  moment  is  applied,  and  a  substantial  amount  of  post 
material  is  remote  from  that  point  and  adds  to  the  bending 
moment  (see  figure). 

The  multihook  configuration,  in  contrast,  provides  a  substan- 
tial section  of  post  where  it  is  most  needed  to  resist  the  maximum 
bending  moment  near  the  lower  hook.  The  thickness  here  is 
greater  than  that  at  the  upper  hook  and  much  greater  than  that  at 
the  hook  of  a  single-hook  dovetail.  Moreover,  the  amount  of  post 
material  that  contributes  to  the  overturning  moment  is  less  than  in  the 
single-hook  configuration. 

This  work  was  aone  by  Steven  D.  Ward  and  Martin  J.  Pierce 
of  General  Electric  Company  for  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the  commercial  use  of  this 
invention  should  be  addressed  to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to  MFS-28543/TN. 
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The  Multiple-Hook  Dovetail  Configuration  distributes  material  more 
efficiently  (with  respect  to  the  ability  of  the  posts  to  resist  overturning 
moments)  than  does  the  single-hook  dovetail  configuration. 
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REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


585 


rWNSATech  Brief 

National  Aeronautics  and 
I  Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Tool  for  Installation  and  Removal  of  Welding  Electrodes 

The  tool  helps  align  electrodes  of  different  diameters. 


A  special  tool  assists  in  the  installation  and  removal  of  the 
welding  electrode  in  a  welding  torch  equipped  with  a  through- 
the-torch  vision  system.  The  tool  is  designed  specifically  for 
use  within  the  unique  configuration  of  the  weld  block  and  the 
welding-electrode  collet  of  this  torch. 

The  tool  centers  itself  in  the  torch  block  and  sets  the  length 
of  protrusion  of  the  electrode  from  the  gas  cup  of  the  torch.  It 
can  be  used  with  long  or  short  gas  cups.  It  can  handle 
electrodes  of  1/16  in.  (1.6-mm),  3/32  in.  (2.4-mm),  and  1/8  in. 
(3.2-mm)  diameter. 

The  tool  includes  a  hollow  round  shaft  equipped  with  a 
rectangular  block  at  one  end  and  a  round  collar  at  the  opposite 


Electrode 
'  Inserted  Here 

Round  Collar 
._.. —  (Fits  in  Gas 
Cup  of  Torch) 


Hollow  Shaft 


H 


fi/ 


Internal  Threads 
In  Hole  K/late  With 
External  Threads 
on  Setscrew 


ii 


Electrode  Comes 
to  Stop  Against 
'This  End  of  Pin 
When  Pin  and  Setscrew 
are  Mounted  in  Hole 


The  Tool  Can  Be  Inserted  easily 
into  the  welding  torch  afterthe  weld- 
ing electrode  has  been  loaded  into 
the  hollow  shaft. 


end  (see  figure).  An  elec- 
trode rod  is  inserted  in  the 
hollow  core  of  the  shaft  at 
the  collar  end  and  pushed  in 
until  it  comes  to  a  stop 
against  a  pin  held  in  place 
by  a  setscrew  at  the  block 
end.  The  setscrew  can  be 
turned  to  change  the  posi- 
tion of  the  stop  and  thereby 
adjust  the  distance  through 
which  the  electrode  will  pro- 
trude after  the  subsequent 
installation. 

The  collared  end  of  the 
tool  is  placed  in  the  gas  cup 
to  center  the  electrode  in 
the  collet.  The  collet  is  made 
to  grasp  the  inner  end  of  the 
electrode,  and  the  tool  is 
removed.  The  tool  can  also 
be  used  as  a  receptacle  to 
catch  the  electrode  when 
the  collet  is  loosened  to  re- 
lease the  electrode. 

777/s  work  was  done  by 
Jeffrey  L  Gilbert  and  David 
A.  Gutow  of  Rockwell  Inter- 
national Corp.  for  Marshall 
Space  Flight  Center. 
MFS-29841/rN 
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0592  High-Temperature  Treatments  for  Polyimide/Graphite  Composite — ^Two 
treatments  could  enhance  thermo-oxidative  and  structural  stabilities. 
(Licensing  Opportunity) 

0593  Making  Conductive  Polymers  by  Arc  Tracking — An  experimental 
technique  takes  advantage  of  a  heretofore  undesirable  phenomenon. 
(Licensing  Opportunity) 

0594  Properties  of  High-Performance  Thermoplastics — Sixteen  of  the 
principal  thermoplastics  used  to  fabricate  high-performance  composites 
are  reviewed. 

0595  Pseudomorphic  lnxGa1-xAs  Surface-Emitting  Lasers — Light  can  be 
deflected  out  through  the  substrate,  if  necessary.  (Licensing 
Opportunity) 

Software 

0596  Updated  SIN DA'85/FLUINT— Fluid  and  thermal  systems  governed  by 
diffusion-type  equations  are  analyzed  via  lumped-parameter  models. 

0597  Viscoelastic  Response  of  a  Highly  Filled  Polymer — The  behavior  under 
biaxial  stretching  was  measured  and  characterized  theoretically. 

Testing  &  Instrumentation 

0598  Spectral-Content  Readout  of  Stress-Induced  Birefringence — The 
spectrum  of  transmitted  light  indicates  stress  in  a  sensor  of  specimen. 

Other  Items  of  Interest 

0566    Metal-to-Composite  Shaft  Splice — A  strong,  lightweight  shaft  is  formed 
without  awkward  bolted  flanges. 

061 0    New  Cross-linkable  Polyimides — Methyl  groups  cross-link  in  air  at 
275oC  or  upon  ultraviolet  irradiation  to  form  insoluble  polyimides. 
(Licensing  Opportunity) 
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Reference  Number:  MT92013MH  -  APR 


High  Modulus  Pitch-Based  Graphite 

Fiber  -  Amoco  Performance  Products,  Inc. 

This  project  is  being  conducted  under  Title  III  of 
the  Defense  Production  Act. 

PROJECT  PURPOSE 

This  Title  III  project  was  structured  to  address  two 
primary  concerns.  Dependence  on  foreign  sources 
of  pitch-based  carbon  fibers  is  growing.  The  other 
concern  was  to  vitaUze  the  single  domestic  source. 
The  fibers  produced  under  this  contract  are  one  of 
the  best  solutions  to  meet  the  DOD's  critical  need 
for  lighter,  stiffer,  strong  heat  conductive  structural 
materials. 

APPROACH 

The  project  was  structured  into  two  phases.  During 
Phase  I,  over  2,000  pounds  of  specification  grade 
fibers  were  produced  and  evaluated  by  the 
aerospace  industry.  Fiber  production  was 
accomplished  in  a  new  integrated  factory  and  a 
production  capacity  of  over  5,000  pounds  per  year 
was  demonstrated  to  meet  near  term  DOD  needs. 
Fiber  quality,  handling,  and  production  control 
improvements  were  also  achieved  to  meet 
competition  from  foreign  fiber  sources. 


^S)JEcri3iNEiSTi 


DOD  uses  for  advanced  composite  materials  have 
grown  dramatically  during  the  past  decade.  These 
composites  typically  contain  carbon/graphite  fibers 
to  achieve  high  stiffness  and  strength,  light  weight, 
dimensional  stability,  and  high  thermal  conduction. 
Title  ni  incentivized  domestic  production  capacity 
and  provided  the  desired  capability  while 
supporting  the  insertion  of  a  maturing  technology. 
The  project  has  also  meant  avoiding  costly 
requalification  of  defense  components  containing 
pitch-based  graphite  fibers. 


APPLICATIONS 

Defense  industry  demands  for  graphite  fibers  are 
expected  to  grow  significantly  for  use  in  high 
precision  space  structures,  space  radiator  panels, 
interceptor  missile  components,  laser-seeking 
shields,  avionic  heat  sinks,  and  other  critical 
aerospace  applications.  Similar  components  are 
being  developed  for  commercial  satellite  use. 

PROJECT  STATUS 

Completed  Phase  I  in  June  90  and  produced 

2,000  lb 

Distributed  Phase  I  fiber  to  35  potential  DOD 

customers  for  evaluation 

Phase  n  -  (3,500  Ib/yr  for  3  years)  material  is 

being  produced  and  2nd  year  is  on  schedule 


Continued  on  reverse  side 
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GOVERNMENT  SPONSOR 

Project  Manager:  Mr.  Phil  Tydings 

Wright  Laboratory,  Manufacturing  Technology 

Directorate  (WL/MTD) 
Wright-Patterson  AFB,  OH  45433-6523 
(513)  255-9665    DSN:  785-9665 

Additional  Point-of-Contact: 
Wright  Laboratory  (WL/MTP) 
Mr.  Vince  DiBenedetto 
(513)  255-7361    DSN:  785-7361 


COMPANY  POINT-OF-CONTACT 


AMOCO  Performance  Products  Inc. 

Mr.  Steve  Estberg 

375  Northridge  Road,  Suite  600 

Atlanta,  GA  30350-3297 

(404)512-6708 


INDUSTRIAL  TECHNOLOGY  OMBUDSMAN 

Wright  Laboratory 
WL/MTX  (Robert  Reifenberg) 
Wright-Patterson  AFB,  OH  45433-6523 
(513)255-7362 


APPROVED  FOR  PUBLIC  RELEASE 

The  purpose  of  the  Technology  Transfer  Bulletin  is  primarily  to  highhght  successful  or  promising  applications  of  industrial  technologies  with 
proven  or  probable  worth  to  industry  and  the  Air  Force.  It  also  provides  a  vehicle  for  airing  initiatives  within  the  Air  Force  Industrial  Base  Program. 
This  document  provides  an  awareness  of  these  technologies  and  initiatives  to  foster  interaction  between  industry  and  the  Government  to  benefit  the 
defense  industrial  base.  All  comments  concerning  this  document  should  be  addressed  to  WL/MTX(Industrial  Technology  Ombudsman) 
Wright-Patterson  AFB.  OH  45433-6523. 

The  Technology  Transfer  Bulletin  does  not  imply  any  endorsement  or  commitment  by  the  Government  to  procure  given  technology,  process,  or 
product. 

FOREIGN  DISSEMINATION 

Details  regarding  many  manufacturing  technology  programs  (for  example:  MANTECH  and  IMIP)  are  subject  to  special  export  controls.  Therefore, 
follow-up  from  any  foreign  source  should  be  processed  through  embassy  channels  following  normal  procedures  for  request  of  technical  information 
or  technology  transfer. 


Technology  Application 


Princeton  Plasma  Physics  Laboratory 


Bonding  Ceramics  to  IVietals 


A  method  for  bonding  ceramics  to 
metal  flanges  was  developed  at  the 
Princeton  Plasma  Physics  Laboratory 
(PPPL).  The  specific  appHcation  was 
to  couple  radio-frequency  waves  to 
plasmas  in  high  vacuum  (to  10'  Torr). 
The  plasma  is  contained  in  a  vacuum 
vessel  where  the  wall  temperature  fluc- 
tuates between  10  and  500  degrees 
Centigrade.  Ceramic  windows  some- 
times as  large  as  six  inches  in  diameter 
by  two  inches  thick  were  brazed  to 
flanges  and  successfully  and  reliably 
operated  in  several  fusion  devices  at 
PPPL. 

The  "windows"  now  used  are  aluminum 
oxide  (AI2O3)  brazed  to  titanium  (Ti 
6242). 

The  method  for  bonding  is  usable  for 


any  combination  of  materials  whose 
respective  coefficients  of  expansion  are 
comparable. 

Possible  uses  of  this  technology  in- 
clude: 

•  Microwave  applications 

•  High  temperature  ovens 

•  Feedthrough  for  vacuum  vessel 
penetrations 

•  Klystron  windows 

•  Radar  and  other  high-voltage  ap- 
plications 

•  Other  installations  where  high 
temperature  insulating  breaks 
are  required 


For  further  information,   contact  Dr. 
Joseph  File,  (609)  243-3009. 
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Color  Changing  Paint  Developed 


The  Naval  Civil  Engineering 
Laboratory,  Port  Hueneme,  Cali- 
fornia, has  developed  pigment 
complexes  that  change  color  as  a 
function  of  temperature.  These 
reversible  thermochromic  pig- 
ments can  be  used  in  paints, 
plastics,  inks  and  other  related 
formulations.  The  primary  pur- 
pose of  the  pigments  is  for  energy 
conservation  through  absorption 
and  reflection  ot  sunlight.  When  a 
building  is  shaded  or  the  sunlight 
is  weak,  the  roof  color  is  dark. 
When  the  sunlight  is  direct  and 
intense,  the  dark  color  becomes 
lighter  and  eventually  white,  to 
reflect  the  solar  heat. 

The  pigments  can  be  used  in 
roofing  material  to  absorb  and 
reflect  heat.  These  pigments  can 
also  be  used  in  inks,  plastics,  and 


other  polymer-based  materials  in 
which  a  temperature-induced  re- 
versible color  is  desired.  Colors 
available  are:  blue  to  white;  black 
to  white;  green  to  yellow;  red  to 
white;  orange  to  yellow;  orange  to 
white;  and  green  to  white.  Tem- 
perature transitions  are  available 
at  nearly  any  temperature  be- 
tween -10  degrees  C  and  -1-90 
degrees  C. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  170305^N 
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Microencapsulation  of  Biocides  Used  in  Antifouling 
Coatings 


Microencapsulation  is  used  in 
many  industries  to  control  the 
release,  protection,  and/or  isola- 
tion of  a  material.  The  Carderock 
Division  of  the  Naval  Surface 
Warfare  Center,  Carderock, 
Maryland,  has  been  applying  these 
characteristics  to  antifouling  (AF) 
coatings  to  enhance  their  per- 
formance, increase  their  ver- 
satility, and  minimize  environ- 
mental impact. 

The  most  effective  modem  AF 
coatings  (3  to  5  years)  currently 
used  by  the  Navy  are  based  on 
ablative  copper  technology. 
However  in  the  near  future, 
tighter  environmental  regulations 
may  limit  or  even  eliminate  the 
use  of  cuprous  oxide,  and  therefore 
alternative  effective  means  must 
be  sought  for  fouling  control. 
Microencapsulation  may  provide 
an  avenue  for  readily  incorporat- 
ing new  AF  and  their  com- 
binations into  existing  paint 
matrices  without  the  need  for 
extensive  reformulation.  Micro- 
encapsulation may  also  provide 


the  release  control  necessary  to 
maintain  or  even  extend  current 
coating  lifetimes. 

Capsules  containing  tributyl- 
tin  chloride,  tributyltin  fluoride, 
simazine,  or  benzoic  acid  have 
been  made  and  incorporated  into  a 
vinyl/rosin  paint  matrix  alone  and 
in  combination.  These  coatings 
are  currently  undergoing  AF  and 
release  rate  evaluation.  Future 
work  will  involve  optimizing 
microcapsule  characteristics,  sur- 
veying other  toxins  or  active 
agents  and  their  combinations, 
and  continued  evaluation  of  AF 
performance  and  release  rate 
testing. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  170102/TN 
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Characteristics  of 
Superplastically 
Formed  Ti-6242  Sheet 

A  near-alpha  titanium 
alloy  is  candidate  for  high- 
temperature  structural 
airframe  applications. 

Research  on  the  advanced  processing 
OT  nnetals  is  being  conducted  at  the  NASA 
Langley  Research  Center  to  develop  im- 
proved methods  of  forming  and  joining 
with  the  potential  of  reducing  the  weights 
and  costs  of  future  aerospace  structures. 
Studies  have  demonstrated  that  superplas- 
tic  forming  (SPF),  superplastic  forming/ 
weld  brazing  (SPFAA/B),  and  superplastic 
forming/diffusion  bonding  (SPF/DB)  are 
viable  processes  for  fabricating  titanium 
structures  that  exhibit  improved  efficien- 
cy. The  relative  simplicity  of  the  SPF  proc- 
ess alone  promises  to  make  a  substantial 
impact  on  future  structural  components. 

Considerable  interest  in  the  aerospace 
industry  has  been  focused  on  the  near- 
alpha  titanium  alloy  Ti/6AI/2Sn/4Zr/2Mo  (Ti- 
6242).  This  alloy,  with  room-temperature 
mechanical  and  physical  properties  similar 
to  those  of  the  popular  Ti/6AI/4V  alloy  is 
being  considered  for  use  in  high-tempera- 
ture structural  airframe  applications  be- 


cause of  its  superior  properties  at  tem- 
peratures as  high  as  1,000  °F  (538  ''C). 
Design  criteria  for  these  new  applications 
make  it  paramount  that  high-temperature 
tensile  and  creep  behavior  be  understood. 
This  research  characterizes  selected  me- 
chanical properties  of  Ti-6242  sheets  in  the 
SPF  condition,  both  with  and  without  heat 
treatment,  and  compares  the  results  with 
those  obtained  on  as-received  material. 
The  as-received  properties  of  the  sheets 
used  in  this  research  were  found  to  vary 
considerably  due  partially  to  the  mix  of  mill- 
anneal  and  (mill)  duplex-anneal  conditions. 
The  tensile  properties  of  SPF  Ti-6242  ma- 
terial are  not  the  same  as  those  in  the 
published  data  base  for  Ti-6242  sheet.  The 
room-temperature  tensile  strength,  yield 
strength,  and  elongation  observed  in  this 
research  all  indicate  a  trend  toward  small- 
er values  with  increasing  SPF  strain  and 
time  at  temperature.  Approximately  10  per- 
cent of  the  strength  of  the  parent  material 
is  lost  after  superplastic  forming  to  700 
percent.  The  yield  strength  at  600  °F 
(316  °C)  was  found  to  decrease  approxi- 
mately 13  percent.  This  loss  in  tensile  prop- 
erties was  observed  only  at  temperatures 
up  to  800  °F  (427  °C).  No  difference  be- 
tween the  tensile  properties  of  as-received 
and  SPF-strained  materials  was  observed 
at  1,000  °F  (538  "C).  A  postforming  duplex- 


anneal  heat  treatment  was  found  not  to 
affect  tensile  properties  beneficially 

The  creep  strength  of  Ti-6242  sheet  was 
found  to  be  enhanced  by  the  SPF  process, 
with  the  greatest  improvement  observed 
at  1,000  "F  (538  °C).  An  unexpected  re- 
duction in  the  creep  resistance  of  SPF 
sheet  was  brought  about  by  the  duplex- 
anneal  heat  treatment.  The  growth  of  grains 
in  Ti-6242  during  SPF  processing  at 
1 ,650 "  F  (899  °C)  was  found  to  vary  linear- 
ly with  time. 

The  information  derived  from  this  re- 
search should  prove  useful  to  the  aero- 
space community  for  designing  and  manu- 
facturing Ti-6242  structures  and  structural 
components. 

This  work  was  done  by  Dick  M.  Royster 
of  Langley  Research  Center  and  Wiliiam 
A.  Ossa  of  Planning  Researcfi  Corp.  Fur- 
ttier  information  may  be  found  in  NASA 
TP-2674  [N87-20407],  •'l^aterial  Charac- 
terization of  Superplastically  Formed 
Titanium  (Ti-6AI-2Sn-4Zr-2Mo)  Sheet." 

Copies  may  t>e' purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
LAR-14304/TN 
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High-Temperature  Treatments  for 
Polyimide/Grapliite  Composite 

Two  treatments  could  enhance  thermo-oxidative  and  structural  stabilities. 


The  combination  of  (1)  an  inert-gas  heat 
treatment  and  (2)  coating  with  a  material 
impermeable  by  oxygen  has  been  pro- 
posed to  increase  the  thermo-oxidative 
and  high-temperature  structural  stabilities 
of  composite  materials  made  of  graphite 
fibers  in  matrices  of  PMR-15  polyimide. 
This  proposal  is  the  result  of  one  in  a  con- 
tinuing series  of  experimental  studies  di- 
rected toward  the  development  of  light- 
weight matrix/fiber  composites  for  use  in 
aircraft  engines,  wherein  the  composites 
are  expected  to  be  exposed  to  maximum 
operating  temperatures  between  371  and 
427  °C. 

With  regard  to  structural  stability,  the 
major  questions  are  whether  a  composite 
retains  sufficient  strength  at  the  intended 
operating  temperature  and,  in  particular, 
whether  the  glass-transition  temperature 
(T)  of  the  composite  exceeds  the  operat- 
ing temperature  so  that  the  composite  re- 
mains elastic  (rather  than  becoming  rub- 
bery) at  the  operating  temperature.  With 
regard  to  thermo-oxidative  stability,  the  ma- 
jor questions  are  whether  an  oxygen-ex- 
cluding coating  material  can  be  developed 
and,  if  so,  whether  the  composite  remains 
thermally  stable  enough  that  no  thermal 
degradation  occurs  after  the  coat  is  ap- 
plied. In  this  regard,  one  must  also  ask 
whether  the  release  of  gaseous  products 
of  pyrolysis  would  disrupt  the  coat,  thereby 
allowing  eventual  penetration  by  oxygen. 

This  study  addressed  the  outgassing, 
retention-of -strength,  and  Tg  aspects  of  the 
problem.  Specimens  of  PMR-15/graphite- 
fiber  composites  were  aged  in  a  nitrogen 
atmosphere  at  various  temperatures  from 
371  to  427  °C  and  for  various  times  rang- 


Room  Temperature 

371  °C                             1 

Flexural 

Strength, 

MPa 

Modulus  of 

Elasticity, 
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Strength, 

MPa 

Modulus  of 

Elasticity, 
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Not  Aged 

1,419 

148.2 

482.6 

84.1 
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1,184.6 

148.2 

1,165.3 

144.8 

The  Strength  and  Stiffness  of  a  PMR-15  polyimide/graphite-fiber  composite  at  a  tem- 
perature of  371  °C  are  increased  significantly  by  aging  for  400  hours  in  Ng  at  a  tem- 
perature of  371  °C. 


ing  up  to  a  few  hundred  hours.  Changes 
in  dimensions,  fractions  of  weight  lost  in 
pyrolysis,  and  changes  in  the  T's  of  the 
specimens  were  measured.  In  addition, 
the  specimens  were  examined  for  cracl<- 
ing,  warping,  and  other  signs  of  damage 
caused  by  the  buildup  of  residual  stresses 
caused,  in  turn,  by  changes  in  the  den- 
sities of  constituents. 

The  results  ot  these  experiments  in- 
dicate that  T  and  short-time  strength  at 
high  temperature  (see  table)  are  both  in- 
creased by  the  aging  treatment.  Further- 
more, no  cracking,  warping,  or  microscop- 
ic surface  porosity  was  found.  It  appears 
that  composites  thus  treated  would  be 
strong  enough  for  short-time  structural  use 
at  371  °C.  A  suitable  oxygen-excluding 
coat  would  be  necessary  for  long-time 
structural  use. 

This  work  was  done  by  Kenneth  J. 
Bowles  and  Carl  Lowell  of  Lewis  Re- 
search Center  Further  information  may 
be  found  in  NASA  TM-100922  [N88-25483], 
'A  Thermally  Modified  Polymer  Matrix 
Composite  Material  With  Structural  Integri- 


ty to  371  °C." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,992,528). 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Lewis  Research  Center. 
Refer  to  LEW-14734/TN. 


Lewis  Research  Center 

Technology  Utilization 
Officer  Anthony  F. 
Ratajczak 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-2225 
Patent  Counsel 
Gene  E.  Shook 
Mail  Code  LE-U\W 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 
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IVIaking  Conductive  Polymers  by  Arc  Tracking 

An  experimental  technique  takes  advantage  of  a  Ineretofore  undesirable  phenomenon. 


An  experinnental  technique  for  the  fabri- 
cation of  electrically  conductive  polymeric 
filaments  is  based  on  arc  tracking,  in 
which  an  electrical  arc  creates  a  conduc- 
tive carbon  track  in  a  material  that  initial- 
ly was  an  insulator.  Arc  tracking  is  usually 
caused  by  an  electrical  short  circuit.  Here- 
tofore, arc  tracking  has  been  regarded  as 
an  undesirable  phenomenon  because  the 
conductive  track  remains  after  the  arc 
power  is  shut  off  and  further  damage  oc- 
curs when  power  is  reapplied,  eventually 
rendering  the  insulation  useless. 

Polyimide  insulation  on  yvires  is  par- 
ticularly vulnerable  to  arc  tracking,  which 
can  occur  at  relatively  low  voltages  and 
sustaining  currents.  The  experimental 
fabrication  technique  exploits  this  effect. 
To  demonstrate  the  technique,  a  pair  of 
wires  of  28  American  Wire  Gauge  (0.321- 
mm  diameter)  insulated  with  polyimide 
was  cut  to  a  length  of  15  ft  (4.6  m)  and 
connected  to  a  28-V,  5-A  power  supply  The 
wires  at  the  end  remote  from  the  power 
supply  were  then  brought  into  contact, 
causing  an  arc  to  propagate  along  the 
wires  back  toward  the  power  supply  The 
arc  and  shorted  wires  drew  a  current  of 
4  to  10  A  for  about  30  s. 

The  resulting  strip  of  pyrolized  plastic 
between  the  wires  had  a  fibrous  form  and 
was  found  to  conduct  electricity  even  after 
the  wires  were  removed.  It  appears  that  py- 
rolysis  in  the  arc  turns  the  polyimide  into 
conductive  graphitic  carbon  and/or  a  poly- 
mer with  a  structure  intermediate  between 


Electrically  Con- 
ductive Polymeric 
Structures  made  by 
arc  tracking  are 
aligned  along  the  wire 
on  which  they  are 
formed.  This  align- 
ment is  particularly 
suited  to  high  conduc- 
tivity and  would  be  de- 
sirable in  materials  in- 
tended for  testing  as 
candidate  supercon- 
ductors. 


that  of  graphite  and  that  of  polyimide. 

The  essential  feature  of  such  a  conduc- 
tive carbon-based  material  is  the  repeating 
C=C-C  unit  found  in  such  electrically  con- 
ductive plastics  as  polyacetylene  and 
polyparaphenylene  (see  figure).  When  the 
material  is  subsequently  treated  by  addi- 
tion of  positive  ions  (e.g.,  sodium)  or  nega- 
tive ions  (e.g.,  bromine)  at  the  ratio  of  about 
one  such  "dopant"  ion  per  12  to  15  car- 
bon atoms,  the  material  becomes  highly 
conductive.  A  "plastic  wire"  made  in  this 
way  could  have  a  conductance  equal  to 
or  greater  than  that  of  a  copper  wire  but 
would  weigh  considerably  less.  The 
original  copper  wire  could  be  removed 
after  pyrolysis  or  allowed  to  remain  as  a 
reinforcement  for  the  conductive  poly- 
meric filaments. 

This  work  was  done  by  Alfred  F.  Daech 
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of  Martin  l\/larietta  Corp.  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-28529/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Robert  L  Broad,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0021 
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Properties  of  High- 

Performance 

Thermoplastics 

Sixteen  of  the  principal 
thermoplastics  used  to 
fabricate  high-performance 
composites  are  reviewed. 

A  report  presents  a  review  of  the  prin- 
cipal thiernnoplastics  (IP's)  used  to  fabri- 
cate high-perfornnance  composites.  The 
tensile  and  fracture-toughness  properties, 
glass-transition  temperatures  (Tg),  crystal- 
line melt  temperatures  (1^),  and  approx- 
imate processing  conditions  are  listed. 
Mechanical  properties  of  carbon-fiber  com- 
posites made  from  many  of  these  IP's  are 
given.  These  include  flexural,  longitudinal 
tensile,  transverse  tensile,  and  in-plane 
shear  properties  as  well  as  short-beam- 
shear  and  compressive  strengths  and  in- 
terlaminar  fracture  toughnesses.  Attractive 
features  and  problems  involved  in  the  use 
of  TP's  as  matrices  for  high-performance 
composites  are  discussed. 

This  review  is  especially  appropriate 
now  because  of  the  heavy  emphasis  being 
placed  on  the  development  and  applica- 
tion of  the  TP's  as  matrices  for  fiber-rein- 


forced composites  on  such  advanced  Air 
Force  weapons  systems  as  the  Advanced 
Tactical  Fighter  (ATF).  The  data  included 
in  this  paper  were  obtained  from  a  large 
number  of  sources,  mostly  suppliers  of 
materials. 

Sixteen  principal  TP's  considered  as 
candidates  for  fabrication  of  high-per- 
formance composites  are  presented  along 
with  names  of  suppliers,  Tg,  T^  (for  semi- 
crystalline  polymers),  and  approximate 
maximum  processing  temperatures.  Five 
are  polyarylene  ether  or  sulfide  polymers, 
three  of  which  are  semicrystalline.  Three 
are  amide  or  amideimide  compositions. 
Four  are  polyimides.  Three  polysulfones 
and  one  polyester  complete  the  list.  Fif- 
teen of  these  TP's  are  heavily  aromatic  in 
character  In  eleven  of  these  materials,  the 
chemical  flexibilizing  groups  between 
phenyl  rings  in  the  backbones  of  the  mole- 
cules include  isopropylidene,  carbonyl,  ox- 
ygen, sulfur,  and  sulfone. 

A  summary  is  given  of  the  tradeoff  in 
properties  between  thermosets  and  TP's 
as  composite  matrices.  The  one  key  ele- 
ment that  dominates  the  tradeoff  list  and 
can  tip  the  balance  to  TP's  is  that  of  the 
costs  of  fabrication.  However,  the  poten- 
tial for  low-cost  manufacturing  of  TP's  re- 
mains to  be  demonstrated.  Very  little  flight 


experience,  even  with  TP  secondary  struc- 
tures, exists  to  gauge  either  durability,  re- 
quirements for  maintenance,  or  tolerance 
to  damage.  The  newer  TP  materials  are 
generally  more  costly  than  current  epox- 
ies  and  bismaleimides  are.  The  extensive 
use  of  composites  will  be  tempered  by 
costs  and  tradeoffs  between  cost  and  per- 
formance. Inasmuch  as  the  total  charac- 
terization of  the  performances  of  these 
promising  "new  improved"  composite  ma- 
trices (toughened  thermosets  as  well  as 
TP's)  is  incomplete  and  new,  it  is  expected 
that  untried  materials  will  be  introduced 
with  caution. 

This  work  was  done  by  Norman  J. 
Johnston  and  Paul  M.  Hergenrother  of 
Langley  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TI^-89104 
[N87-20390],  "High  Performance  Thermo- 
plastics: A  Review  of  Neat  Resin  and  Com- 
posite Properties." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
LAR-143137TN 
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Pseudomorphic  In^Gai-xAs  Surface-Emitting  Lasers 

Light  can  be  deflected  out  through  the  substrate,  if  necessary. 


Solid-state  lasers  of  a  new  type  contain 
pseudomorphic  InQ^gGaQggAs  single-quan- 
tum-well  (SOW)  active  layers  sandwictied 
between  thinner  layers  of  GaAs  that,  in 
turn,  are  sandwiched  between  graded- 
index-of-refractionseparate-confinement- 
heterostructure  (GRINSCH)  layers  of 
AI^Ga^_^  As.  These  lasers  can  emit  edge- 
wise as  other  solid-state  lasers  can,  or  they 
can  be  made  to  emit  perpendicularly  to 
their  surfaces  by  use  of  integrated  45° 
beam  deflectors  that  deflect  edge-emitted 
light  (see  figure). 

The  surface-emitting  feature  makes 
these  lasers  particularly  suitable  for  in- 
corporation into  optoelectronic  integrated 
circuits  that  implement  optical  intercon- 
nection and  parallel  processing  of  data. 
The  lasers  of  this  class  offer  an  advantage 
over  similar  quantum-well  lasers  based 
on  Mfia^_J\s:  The  GaAs  substrates  are 
opaque  to  the  light  from  AI^Ga^.^s 
lasers,  but  transparent  to  the  light  from 
the  new  lnj(Ga.|_j^s  lasers.  Consequent- 
ly, the  new  lasers  can  be  made  to  emit 
either  from  their  top  surfaces  or  through 
the  bottom  surfaces  of  their  substrates, 
without  need  to  etch  away  parts  of  the  sub- 
strates to  obtain  bottom-surface  emission. 

In  fabricating  the  devices  illustrated  in 
the  figure,  the  GRINSCH  and  SOW  layers 
were  grown  by  molecular-beam  epitaxy. 
The  iHoisGaQQgAs  active  SOW  layer  was 
60  A  thicl<.The  GaAs  layers  above  and  be- 
low this  layer,  each  25  A  thick,  served  as 
growth-stopping  layers.  The  two  GRINSCH 
layers,  each  1,400  A  thick,  were  made  by 
linearly  or  parabolically  grading  the  mole 
fraction,  x,  of  AlAs  (in  AI^Ga.,_^s)  from 
0.05  to  0.5.  The  upper  and  lower  cladding 
layers  were  l.0-/>im-thick  AlggGagsAs,  p- 
doped  and  n-doped,  respectively.  A  cap 
layer  of  p  "•"  GaAs  0.2  ^m  thick  was  grown 
on  top  to  facilitate  ohmic  contact.  The  en- 
tire structure  was  grown  on  a  (100)  n"*" 
GaAs  substrate  with  both  a  0.5-/im-thick 
n  +  GaAs  buffer  layer  and  a  5-period  su- 
perlattice  buffer  layer  of  100  A  GaAs/lOO 
A  Alg^GaosAs. 


Light 
Out 


Ught 


5- Period 

Superlattice 

Buffer  i_ayer 

(100  A  QaAs/100 

A  AIGaAs) 


This  Surface-Emitting 
Solid-state  Laser  emits 
light  at  a  wavelength  of 
945  nm.  Because  the 
substrate  is  transparent 
to  this  light,  the  45°  mir- 
rors could  just  as  well 
have  been  oriented  to 
deflect  light  out  through 
the  bottom. 


The  wafer  thus  fabricated  was  divided 
into  laser  stripes,  each  100  ^m  wide.  Ver- 
tical and  45°  mirror  surfaces  were  made 
by  30°-tilted  ion-beam  etching,  defining 
laser  cavities  200  to  550  /xm  long.  Metal 
contacts  were  applied,  and  the  stripes 
were  scribed  into  separate  lasers.  In  tests, 
these  lasers  exhibited  low  threshold  cur- 
rents (280  to  320  mA  for  500-/im-long 
cavities),  high  peak  powers  (126  to  250 
mW),  and  differential  quantum  efficiencies 
of  0.10  to  0.18  W/A. 

This  work  was  done  by  Jae  H.  Kim  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NPO-18243/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Arif  Husain 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4862 
Patent  Counsel: 
Tfiomas  H.  Jones 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-5179 
Tectinology  Utilization 
l^gr.  for  JPL:  Dr.  Norman 
L  Ctialfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Updated  SINDA'8£/FLUINT 

Fluid  and  thermal  systems 
governed  by  diffusion-type 
equations  are  analyzed  via 
lumped-parameter  models. 

SINDA,  the  Systems  Innproved  Numeri- 
cal Differencing  Analyzer,  is  a  software  sys- 
tem for  solving  lumped-parameter  repre- 
sentations of  physical  problems  governed 
by  diffusion-type  equations.  Although  SINDA 
was  originally  designed  for  the  analysis  of 
thermal  systems  represented  in  electrical 
analog,  lumped-parameter  form,  its  use 
can  be  extended  to  include  other  classes 
of  physical  systems  that  can  be  mathe- 
matically modeled  in  this  form. 

As  a  thermal-analysis  program,  SINDA 
can  represent  such  interrelated  phenome- 
na as  sublimation,  diffuse  radiation  within 
enclosures,  and  transport  delay  effects, 
and  can  perform  sensitivity  analysis. 
FLUINT  the  FLUid  INTegrator,  is  an  ad- 
vanced one-dimensional  fluid-analysis  pro- 
gram that  solves  the  equations  of  arbitrary 
fluid-flow  networks.  The  working  fluids  can 
be  single-phase  vapors,  single-phase  liq- 
uids, or  two-phase  fluids.  The  SINDA'85/ 
FLUINT  system  enables  the  analysis  of  the 
mutual  influences  of  thermal  and  fluid 
aspects  of  physical  systems. 

The  SINDA  software  system  consists 
of  a  programming  language,  a  preproces- 
sor, and  a  subroutine  library.  The  SINDA 
language  is  designed  for  working  with 
lumped-parameter  representations  and 
finite-difference  solution  techniques.  The 
preprocessor  accepts  programs  written  in 
the  SINDA  language  and  converts  them 
into  standard  FOFnTtAN.  TTie  SINDA  library 


consists  of  a  large  number  of  FORTRAN 
subroutines  that  perform  a  variety  of  com- 
monly needed  actions.  The  use  of  these 
subroutines  can  greatly  reduce  the  pro- 
gramming effort  required  to  solve  many 
problems. 

A  complete  run  of  a  SINDA85/FLUINT 
model  is  a  four-step  process.  First,  the 
user's  desired  mathematical  model  is  run 
through  the  preprocessor,  which  writes  out 
data  files  for  a  processing  program  to  read 
and  translates  the  user's  program  code. 
Then  the  translated  code  is  compiled.  The 
third  step  requires  linking  of  the  user's 
code  with  a  library  of  parts  of  a  processing 
program.  Finally,  the  processing  program 
is  executed. 

The  features  of  the  SINDA85/FLUINT 
program  include  20,000  nodes,  100,000 
conductors,  100  thermal  submodels,  10 
fluid  submodels,  two-phase  flow,  capillary 
devices,  fluids  defined  by  the  user,  gravita- 
tional and  accelerational  body  forces  on 
a  fluid,  and  variable  volumes.  SINDA'85/ 
FLUINT  offers  two  finite-difference  numer- 
ical solution  techniques:  an  explicit  for- 
mulation via  the  forward-difference  explicit 
approximation,  and  an  implicit  formulation 
via  the  Crank-Nicolson  approximation. 

The  program  enables  the  simulation  of 
nonuniform  heating  and  facilitates  mathe- 
matical modeling  of  thin-walled  heat  ex- 
changers. The  ability  to  model  nonequi- 
librium  behavior  within  two-phase  volumes 
is  included.  Recent  improvements  were 
made  in  those  parts  of  the  program  that 
mathematically  model  evaporator  pumps 
and  other  capillary-assist  evaporators. 

SINDA'85/FLUINT  is  available  by  license 
for  a  period  of  10  years  to  approved  li- 
censees. The  licensed  program  product 


includes  the  source  code  and  one  copy 
of  the  supporting  documentation.  Addi- 
tional copies  of  the  documentation  may 
be  purchased  separately  at  any  time. 

SINDA85/FLUINT  is  written  in  FOR- 
TRAN. Version  2.3  has  been  implemented 
on  a  DEC  VAX-series  computer  operating 
under  VMS  and  on  Sun-3  and  Sun-4  com- 
puters operating  under  SunOS.  Binaries 
are  included  for  the  Sun  computers.  The 
versions  for  both  computers  contain  a 
graphical-display  program  called  EXPLOT 
The  VAX  version  of  EXPLOT  requires  the 
DISSPLA  graphics  package,  while  the  Sun 
version  requires  TEMPLATE.  The  VAX  ver- 
sion also  contains  SINGE,  an  additional 
program  developed  at  Johnson  Space 
Center  for  graphical  representation  of  data. 
The  CONVEX  version  is  a  part  of  the  1988 
version  (version  2.2).  SINDA  was  de- 
veloped in  1971,  and  fluid  capability  was 
first  added  in  1975.  SI  NDA85/ FLU  I  NT  ver- 
sion 2.3  was  released  in  1990. 

DEC,  VAX,  and  VMS  are  trademarks  of 
Digital  Equipment  Corp.  Sun,  Sun-3,  Sun-4, 
and  SunOS  are  trademarks  of  Sun  Micro- 
systems, Inc.  TEMPLATE  is  a  registered 
trademark  of  Template  Graphics  Software. 
CONVEX  is  a  trademark  of  Convex  Com- 
puter Corp. 

This  program  was  written  by  Brent 
Cullimore  and  Steve  Ring  of  Martin 
Marietta  Corp.  for  Johnson  Space 
Center.  MSC-21774/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Viscoelastic  Response  of 
a  Highly  Filled  Polymer 

The  behavior  under  biaxial 
stretching  was  measured  and 
characterized  theoretically. 

A  report  describes  experimental  and 
theoretical  studies  of  the  nonlinear  visco- 
elastic response  of  an  elastomeric  binder 
nnaterial  filled  with  small  particles  of  a 
different  material.  The  purpose  of  these 
studies  was  to  characterize  the  response 
with  sufficient  accuracy  for  use  in  design- 
ing parts  that  may  be  subjected  to  high 
strains.  Such  a  characterization  requires 
at  least  measurements  of  responses  to 
biaxial  stresses  and  the  reduction  of  the 
experimental  data  to  a  stored-energy-den- 
sity  function. 

The  specimen  was  a  sheet  of  the  materi- 
al 2.5  in.  (6.35  cm)  square  with  a  0.5-in.-wide 
(1.27-cm-wide)  border  0.36  in.  (0.91  cm) 
thick  and  a  central  1.5-in.  (3.81-cm)  square 
section  0.18  in.  (0.46  cm)  thick.  The  border 
was  perforated  with  six  holes  on  each 


edge  to  engage  strain-gauge-instrumented 
hooks  through  which  tensile  loads  were 
applied  by  a  biaxial  testing  machine  and 
measured.  The  central  square  section  was 
marked  with  circles  and  a  square  grid, 
which  were  observed  to  measure  the 
strains. 

The  specimen  was  subjected  to  stress- 
relaxation  tests,  from  which  it  was  deter- 
mined that  the  time-dependent  part  of  the 
relaxation  response  could  be  approximat- 
ed by  a  function  that  is  independent  of 
strain  and  biaxiality.  Consequently,  it  was 
determined  that  the  isochronal  data  from 
the  stress-relaxation  tests  could  be  used 
to  determine  the  stored-energy-density 
function. 

The  material  was  found  to  behave  quite 
complicatedly  under  biaxial  deformations. 
It  was  conjectured  that  this  behavior  may 
be  caused  by  dewetting  (that  is,  separa- 
tion of  the  binder  from  the  filler).  Because 
the  nature  of  dewetting  would  depend  on 
the  biaxial-stress  field,  one  of  the  conse- 
quences of  this  conjecture  is  that  the  biax- 
ial stress-vs.-strain  response  would  depend 


not  only  upon  the  response  of  the  binder 
and  on  the  interaction  between  the  binder 
and  filler  but  also  on  the  degree  and  nature 
of  dewetting. 

Even  without  knowledge  of  the  com- 
plicated mechanisms  of  binder/filler  inter- 
actions and  dewetting,  it  was  found  to  be 
possible  to  describe  the  behavior  of  the 
material  in  terms  of  a  stored-energy  func- 
tion; more  specifically,  a  symmetric  strain- 
energy  function  that  is  the  sum  of  three 
identical  functions,  one  for  the  stretch  ratio 
(length  when  stretchec^length  before  stretch- 
ing) along  each  of  the  three  principal  coor- 
dinate axes.  The  multiaxial  response  pre- 
dicted by  use  of  this  function  agreed  well 
with  the  experimental  data  at  stretch  ratios 
as  high  as  1.16. 

This  work  was  done  tyy  St^en  T.J.  Peng 
and  Robert  F.  Landel  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Nonlinear  Viscoelastic  Response  of 
Highly  Filled  Elastomers  Under  Multiaxial 
Finite  Deformation."         NPO-18223/TN 


( 
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Spectral-Content  Readout  of  Stress-Induced  Birefringence 

The  spectrum  of  transmitted  light  indicates  stress  in  a  sensor  or  specimen. 


An  experimental  advanced  photoelas- 
tic  apparatus  has  demonstrated  the  feasi- 
bility of  analysis  of  the  spectrum  of  trans- 
mitted light  to  quantify  birefringence  (and, 
therefore  strain  and  stress)  in  a  transpar- 
ent specimen.  Although  photoelastic  anal- 
ysis of  stress  is  an  old  technique,  hereto- 
fore it  has  been  used  mainly  to  generate 
qualitative  or  semiquantitative  visible  maps 
of  stress  and  strain.  By  augmenting  con- 
ventional photoelastic  analysis  with  spec- 
tral sensors  and  automating  it  with  com- 
puter control  and  processing  of  data,  the 
technique  can  be  made  more  versatile  and 
useful.  Potential  uses  include  the  measure- 
ment of  stresses  in  optical  fibers  and 
transparent  materials  in  general. 

In  the  experimental  apparatus  (see  fig- 
ure), the  specimen  is  placed  between  po- 
larizing and  quarter-wave  plates  and  illumi- 
nated with  white  or  other  nonmonochro- 
matic  light.  The  light  that  emerges  from  the 
analyzer  (the  second  polarizing  plate) 
passes  through  an  entrance  slit  and  a  col- 
limating  lens  onto  a  diffraction  grating.  The 
resulting  spectrum  reflected  from  the 
grating  strikes  an  array  of  photodiodes. 
The  outpiits  of  the  photodiodes  are  fed 
through  a  preamplifier  and  digitized  for 
analysis. 

From  the  basic  principle  of  the  polari- 
scope  it  can  be  shown  that  the  transmis- 
sion, T,  of  the  specimen,  polarizers,  and 
quarter-wave  plates  is  given  by 
T{6,X)  =  [sin2(7i<5/A)]{1  - 

[sin2(2a)][sin2(2£)] 
where  A  is  the  wavelength  of  light,  6  is  the 
relative  retardation  between  wavefronts 
containing  two  mutually  perpendicular 
polarizations,  and  is  proportional  to  the 


Photoelastic 


Analyzer 

(Second  Polanzir 

Plate) 


Arra^  of 
Pholodiodes 


Microooinput«r 


Birefringence  Due  to  Stress  in  the  photoelastic  specimen  varies  witli  the  wavelength  ot  the 
illumination.  The  retardation  due  to  birefringence  and,  therefore  the  stress  in  the  specimen, 
can  be  deduced  from  the  measured  transmission  as  a  function  of  wavelength. 


birefringence  induced  by  stress  in  the 
specimen,  a  equals  the  (usually  unknown) 
angle  between  one  of  the  principal  axes  of 
the  stress  and  the  first  quarter-wave  plate, 
and  £  is  a  (usually  small)  correction  phase 
that  is  needed  when  the  retardation  in  the 
quarter-wave  plate  is  not  exactly  a  quarter 
wavelength  (i.e.,  when  it  is  used  at  other 
than  its  nominal  wavelength).  When  a  is 
unknown,  one  can  minimize  the  error  by 
setting  sin 2(2a)  -  Vi. 

The  digitized  outputs  of  the  photodiodes 
are  processed  to  obtain  the  transmission 
spectrum.  The  computer  then  searches 
for  the  particular  6  for  which  this  spectrum 
best  fits  the  equation  for  T{d,  A).  The  stress 
in  the  specimen  can  then  be  deduced  from 


the  known  proportionality  between  the 
stress,  thickness,  and  d. 

This  work  was  done  by  Alex  S.  Redner 
and  Arkady  S.  Voloshin  of  Strainoptic 
Technologies,  Inc.,  for  Ames  Research 
Center.  Further  information  may  be  found 
in  NASA  CR-1 79430  [N88-20673].  •'Spec- 
tral Contents  Readout  of  Birefringent  Sen- 
sors." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161.  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
ARC-12220/TN 
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Center  For  Alternatives  To  Animal  Testing 


The  Center  for  Alternatives  to  Animal 
Testing  (CAAT)  at  Johns  Hopkins  Uni- 
versity in  Baltimore,  Maryland,  is 
dedicated  to  developing  new  and  ap- 
plying current  in  vitro  methods  for 
testing  the  safety  of  commercial,  in- 
dustrial, and  pharmaceutical 
products. 

"Our  center  focuses  on  alternatives 
to  using  animals  in  safety  testing,  as 
distinct  from  using  animals  in  re- 
search and  education,"  says  Dr.  John 
M.  Frazier,  associate  director  of  CAAT 
and  associate  professor  of  toxicologi- 
cal  sciences  at  the  university.  "Re- 
search is  based  on  the  scientific 
process  in  which  you  develop  a  hy- 
pothesis and  decide  on  the  best  ex- 
perimental model  to  use  to  test  that 
hypothesis.  You  may  use  animals  or 
in  vitro  systems,  but  you  cannot  de- 
cide a  priori  what  kind  of  model  will 
be  best  for  all  research  projects." 

Experimental  animals  are  indispen- 
sable in  certain  areas  of  education, 
such  as  teaching  surgical  skills,  ac- 
cording to  Dr.  Frazier.  "Education  and 
research  are  different  from  product 
testing.  In  product  testing  the  ques- 
tion basically  is  always  the  same:  Will 
the  chemical  be  safe  under  the  ex- 
pected conditions  of  use?  You  can  set 
up  a  priori  experimental  models  to  ex- 
amine that  question;  the  only  variable 
will  be  the  chemical  that  goes  into  the 
testing  process.  The  testing  process  it- 
self is  straightforward  and  standard- 
ized," he  says. 

Despite  the  massive  production  of 
new  chemicals  that  industrialization 
ushered  in  during  the  last  century 
and  that  modern  technology  has 
spurred  even  more  dramatically,  reg- 
ulatory testing  for  possible  damaging 
effects  of  these  products  did  not  begin 
until  the  1920's  and  was  restricted  to 
animal  studies  until  the  early  1980's, 
when  pioneering  work  using  in  vitro 
systems  to  test  carcinogenic  risk  suc- 
ceeded. Currently  most  efforts  to  as- 
sess potential  risks  of  exposure  to  a 


The  Center  for  Alternatives  to  Animal 
Testing  is  devoted  to  developing  in  vitro 
tests  for  assessing  the  safety  of  many 


commercial  products.  Drs.  Joanne  Zurlo 
and  John  M.  Frazier  discuss  the  results  of 
a  toxicity  assay. 


given  product  focus  on  four  areas: 
Eye  and  skin  irritation  or  inflamma- 
tion; mutagenic  or  carcinogenic  po- 
tential; teratogenicity;  and  toxicity  to 
target  organs,  particularly  the  central 
nervous  system,  liver  and  kidneys. 
Although  the  standard  tests  for  these 
effects  involve  animals,  scientists  have 
begun  making  inroads  using  in  vitro 
systems. 

CAAT  was  established  in  1981  and 
is  funded  by  a  coalition  of  more  than 
70  corporations,  private  individuals, 
and  government  agencies,  including 
the  Biological  Models  and  Materials 
Research  Program  of  the  National 
Center  for  Research  Resources.  CAAT 
was  created  to  develop  in  vitro  testing 
methods;  validate  their  safety  and  ef- 
ficacy; encourage  their  use;  and  dis- 
seminate information  concerning 
nonanimal  models  for  toxicity  testing 
among  scientists,  educators,  the  pub- 
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lie,  government  agencies,  industry 
groups,  and  animal  welfare 
organizations. 

Although  the  scientific  conununity 
has  been  slow  to  accept  in  vitro  test- 
ing methods,  CAAT's  10-year  effort 
has  paved  the  way  for  the  notion  that 
in  vitro  systems  will  provide  useful 
information  for  testing  purposes.  Dr. 
Frazier  says. 

According  to  Dr.  Frazier,  many  ma- 
jor corporations  that  produce  pharma- 
ceuHcals,  personal  care  products,  or 
household  products,  have  set  up  their 
own  in  vitro  testing  laboratories.  In 
addition,  major  commercial  testing 
laboratories,  which  traditionally  have 
conducted  only  animal  testing,  have 
set  up  in  vitro  programs.  Many  new 
companies  have  also  appeared  that 
deal  with  in  vitro  testing,  either  by 
providing  testing  services  themselves 
or  selling  products  that  others  can  use 
for  testing. 

"1  think  these  developments  are 
clear  signs  that  the  direction  of  the  fu- 
ture is  toward  in  vitro  systems,"  he 
says.  "Whether  they  can  replace  ani- 
mals or  not  is  not  even  a  critical  ques- 
hon  at  this  point.  The  critical  question 
is,  'What  role  can  in  vitro  techniques 
play  in  the  safety  evaluation 
process?'" 

The  center  awards  $300,000  to 
$400,000  each  year  in  small  grants, 
averaging  $15,000  to  $20,000  each,  to 
researchers  pursuing  alternatives  to 
animal  testing.  Currently  the  major 
areas  of  interest  are  development  and 
refinement  of  in  vitro  testing  for  po- 
tential neurotoxicity,  skin  irritation, 
eye  irritatton,  hepatotoxicity,  and 
renal  toxicity  of  various  products. 

For  example,  investigators  at  the 
Oregon  Health  Sciences  University  in 


Portland  are  working  on  an  in  vitro 
model  of  chemical  pain  transduction 
that  may  predict  whether  exposure  to 
a  test  chemical  would  be  painful;  such 
a  model  could  help  identify  chemicals 
that  would  cause  pain  in  humans 
without  subjecting  test  animals  to  un- 
due stress.  Researchers  at  the  Univer- 
sity of  California,  San  Francisco,  and 
the  University  of  Minnesota  in  Min- 
neapolis have  been  working  on  sepa- 
rate projects  to  develop  models  of 
human  skin  using  cultures  of  keratin- 
ocytes.  Such  models  could  replace  or 
reduce  the  use  of  animals  in  studies 
of  skin  irritation  or  allergic  responses 
provoked  by  exposure  to  chemical 
products. 

Other  services  provided  by  CAAT 
include  publishing  of  textbooks,  tech- 
nical reports,  and  scientific  articles 
and  distribution  of  the  center's  news- 
letter to  more  than  20,000  readers  in- 
ternationally. CAAT  also  organizes 
international  symposia  (the  10th  anni- 
versary symposium  will  be  held  in 
Baltimore  in  April  1992)  and  is  plan- 
ning a  World  Congress  on  Animal 
Use  and  Alternatives  in  the  Biomedi- 
cal Sciences,  to  be  held  in  1993. 


For  further  information  about  the 

Center  for  Alternatives  to  Animal 

Testing,  contact: 

Ms.  Joan  Poling 

Center  for  Alternatives  to  Animal 

Testing 
Johns  Hopkins  University  School  of 

Hygiene  and  Public  Health 
615  North  Wolfe  Street 
Baltimore,  MD  21205 
Telephone:  (301)  955-4689 
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Tracking  The  Origins  Of  An  Inherited  Enzyme 
Deficiency 


By  studying  variations  in  the  gene 
that  codes  for  the  key  red  blood  cell 
enzyme  glucose-6-phosphate  dehy- 
drogenase (G6PD),  scientists  have 
traced  the  evolutionary  origins  of  spe- 
cific mutations  and  gained  new  in- 
sights into  the  genetic  causes  of  G6PD 
deficiency,  which  can  cause  severe 
anemia.  More  than  200  million  people 
are  estimated  to  have  G6PD-deficient 
red  blood  cells,  making  this  X-Iinked 
hereditary  deficiency  the  most  com- 
mon genetic  disorder  in  humans.  Un- 
derstanding the  structure  of  this  gene 
and  its  mutations  may  lead  to  im- 
proved methods  for  diagnosing  the 
enzyme  deficiency  and  its  associated 
anemia,  the  researchers  say. 

The  ability  to  clone  and  sequence 
the  G6PD  gene  has  led  to  the  identifi- 
cation of  many  previously  unknown 
genetic  polymorphisms,  or  variants  of 
the  gene,  says  Dr.  Ernest  Beutler, 
chairman  of  the  department  of  molec- 
ular and  experimental  medicine  at 
Scripps  Research  Institute  in  La  Jolla, 
California.  "In  the  past  35  years  G6PD 
and  its  genetic  variants  have  been  a 
valuable  resource  for  geneticists  and 
cell  biologists.  With  the  cloning  and 
sequencing  of  G6PD  a  new  chapter 
has  opened  in  our  understanding  of 
this  deficiency." 

G6PD  converts  nicotinamide  aden- 
ine dinucleotide  phosphate  (NADP)  to 
NADPH,  a  reducing  molecule  that 
helps  protect  cellular  proteins  and 
membrane  lipids  against  oxidative 
damage.  G6PD  deficiency  can  lead  to 
hemolytic  anemia,  the  premature  de- 
struction of  red  blood  cells  that  is  the 
most  often  observed  clinical  manifes- 
tation of  the  disorder.  Severe  jaundice 
in  newborn  infants  with  G6PD  defi- 
ciency may  require  emergency  re- 
placement of  their  blood.  "If  an 
exchange  transfusion  is  not  per- 
formed immediately,"  Dr.  Beutler 
warns,  "these  infants  can  develop 
neurological  damage." 

Although  certain  variants  of  the 
G6PD  gene  cause  chronic  anemia,  the 
more  common  mutations  result  in  he- 
molyhc  anemia  only  under  stress  con- 
ditions: following  an  infection  or  after 
ingestion  of  certain  drugs  or  foods. 


Most  individuals  who  inherit  this  sec- 
ond category  of  genetic  variants  have 
a  low  probability  of  developing  ane- 
mia, and  there  is  a  counterbalancing 
advantage  to  having  G6PD  deficiency. 
"The  geographic  distribution  of  this 
disorder  led  to  an  early  suggestion 
that  G6PD  deficiency  conferred  some 
degree  of  resistance  to  malarial  infec- 
hon.  This  seems  to  be  true  because 
the  deficiency  is  found  largely  in  pop- 
ulations exposed  to  malaria,  and  nor- 
mal red  cells  contain  more  malarial 
parasites  than  do  deficient  ones,"  says 
Dr.  Beutler. 

A  third  category  of  G6PD  variant  is 
not  associated  with  enzyme  defi- 
ciency and  so  is  not  clinically  impor- 
tant; however,  studying  these 
polymorphisms  can  prove  useful  in 
determining  the  lineage  of  various 
mutaHons. 

By  analyzing  the  distribution  of  a 
specific  mutation  in  193  subjects  with 
or  without  G6PD  enzyme  deficiency. 
Dr.  Beutler  and  his  colleagues  con- 
cluded that  a  polymorphism  known 
as  G6PD  Mediterranean  may  have  ari- 
sen independently  in  Asia  and  in  Eu- 
rope. Most  often  found  in  the 
Mediterranean  region,  the  G6PD 
Mediterranean  variant  produces  se- 
vere enzyme  deficiency  and  is  charac- 
terized by  a  mutation  at  nucleotide 
(NT)  563.  NucIeoHdes  are  the  basic 
structural  components  that  make  up 
DNA. 

The  researchers  focused  their  study 
on  a  recently  discovered  mutation  at 
NT  1311.  To  estimate  the  geographic 
distribution  of  this  mutation  the  sci- 
entists studied  256  X  chromosomes 
from  unrelated  males  and  females  of 
various  ethnic  origins.  The  frequency 
of  the  NT  1311  mutation  was  similar 
among  Europeans  and  Africans — 
about  15  to  25  percent — but  nearly  50 
percent  in  Asian  Indians. 

These  findings  suggest  that  the  NT 
1311  mutation  is  a  relatively  common 
polymorphism  that  is  broadly  repre- 
sented among  human  populations, 
notes  Dr.  Beutler.  The  NT  1311  muta- 
hon  was  less  common  on  the  X  chro- 
mosomes of  Oriental  and  Central 
American  and  South  American  popu- 


Drs.  Ernest  Beutler  (center)  and  Andrea 
Kay  are  conducting  an  analysis  of  poly- 
morphisms in  glucose-6-phosphate 
dehydrogenase. 


More  recently  Dr.  Beutler  and  his 
colleagues  identified  a  previously  un- 
recognized polymorphism  that  is 
common  in  Asia.  "We  have  good  evi- 
dence that  this  mutation  arose  at  least 
twice.  As  we  find  additional  markers 
like  this  one  we  will  be  able  to  make 
more  educated  estimates  on  when 
these  mutations  arose,"  Dr.  Beutler 
notes. 

He  and  his  colleagues  are  continu- 
ing their  studies  of  G6PD  deficiency 
in  additional  populations. 

"We  now  are  studying  this  disorder 
in  the  Oriental  population,  which  1 
think  will  prove  to  be  an  interesting 
area  of  research,  and  we  arc  continu- 
ing to  investigate  how  the  enzyme 
functions.  We  know  that  there  are 
mutations  clustered  in  a  certain  area 
of  the  molecule  that  prevent  the  bind- 
ing of  NADP  We  also  know  that  most 
mutations  that  produce  hemolytic 
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lations,  which  may  reflect  the  Oriental 
origin  of  the  American  Indian,  the  sci- 
enhsts  say. 

anemia  are  clustered  at  this  NADP 
binding  site,"  he  says. 

Dr.  Beutler  explains  that  this  infor- 
mation is  useful  in  diagnosing  pa- 
tients with  hemolytic  anemia.  "If  a 
G6PD  mutation  is  found  in  the 
NADP-binding  region  of  the  mole- 
cule, we  know  it  is  likely  to  be  the 
cause  of  the  patient's  anemia.  The 
better  we  understand  the  structure  of 
G6PD  and  its  variants,  the  better  we 
will  be  able  to  determine  when  G6PD 
deficiency  is  the  cause  of  hemolytic 
anemia." 

Screening  for  G6PD  defects  by  ana- 
lyzing DNA  sequences  is  less  time- 
consuming  and  more  accurate  than  is 
purifying  and  analyzing  the  enzyme 
itself,  says  Dr.  Beutler.  Using  the  poly- 
merase chain  reaction,  scientists  can 
amplify  the  appropriate  region  of  the 
gene  and  check  for  abnormalihes  in 
the  DNA.  DNA  analysis  also  requires 
less  than  1  milliliter  of  blood,  whereas 
enzyme  analysis  generally  requires 
200  to  400  milliliters  of  blood. 

While  the  focus  of  Dr.  Beutler's  re- 
search is  G6PD,  the  knowledge  he 
and  his  colleagues  have  gained  about 
G6PD  deficiency  can  be  applied  to 
other  genetic  abnormalities.  He  and 
his  associates  are  currently  studying 
several  red  blood  cell  enzyme  defects 
and  Gaucher's  disease  by  using  tech- 
niques developed  to  study  G6PD. 

Gaucher's  disease  is  a  hereditary 
glycolipid  storage  disease  most  com- 
monly found  in  the  Ashkenazic  Jew- 
ish population.  Gaucher  pahents  have 
anemia  and  grossly  enlarged  spleens 
and  often  bleed  spontaneously.  The 
disease  may  be  associated  with  men- 
tal retardarion  and  early  death.  "We 


are  applying  some  of  the  same  tech- 
niques used  to  study  G6PD  to  better 
understand  Gaucher's  disease.  Our 
work  with  G6PD  has  helped  us  with 
our  study  of  Gaucher's  disease.  With- 
in the  year  we  hope  to  be  able  to 
screen  the  Jewish  population  for  car- 
riers of  this  disorder." 


Additional  reading: 

1.  Beutler,  E.,  Glucose-6-phosphate 
dehydrogenase  deficiency.  Nini'  En\^- 
huui  journal  of  Medicine  324:169-174, 
1991. 

2.  Beutler,  E.  and  Kuhl,  W.,  The  NT 
1311  polymorphism  of  G6PD:  G6PD 
Mediterranean  mutation  may  have 
originated  independently  in  Europe 
and  Asia.  American  journal  of  Human 
Graf fics  47:1008-1012,  1990. 

3.  Vives-Corron,  J.-L.,  Kuhl,  W.,  Pu- 
jades,  M.  A.,  and  Beutler,  E.,  Molecu- 
lar genetics  of  the  glucose-6- 
phosphate  dehydrogenase  (G6PD) 
Mediterranean  variant  and  descrip- 
tion of  a  new  G6PD  mutant,  G6PD 
Andalus  (1361A).  American  journal  of 
Human  Genetics  47:575-579,  1990. 

4.  Beutler,  E.,  The  genetics  of  glu- 
cose-6-phosphate  dehydrogenase  de- 
ficiency. Seminars  in  Hematology  27:137- 
164,  1990. 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact; 

Research  Resources  Information  Center 

1601  Research  Boulevard 

Rockville,  MD  20850 

C301)  251-4970 
Refer  to  Volume  XVI,  No.  4/TN 
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U.S.  Navy  Technology  Application 


Circulation  Enhancing  Apparatus 


Researchers  at  the  Pacific  Missile  Test 
Center  (PMTC)  have  developed  a  Cir- 
culation Enhancing  Apparatus  (CEA) 
that  augments  blood  circulation  in  a 
limb  of  a  patient  and  in  particular  to  a 
foot  or  hand  subjected  to  severe 
frostbite. 

Patients  exposed  to  severe  frostbite 
and  other  forms  of  injuries  or  illness 
that  impair  blood  circulation  in  an  in- 
jured limb  need  enhancement  of  the 
blood  circulation  in  order  to  heal,  or 
in  an  extreme  case  save  the  hmb  and 
provide  a  full  recovery.  Prior  restora- 
tive methods,  medication,  massage, 
etc.,  have  been  of  hmited  value  in 
treating  severe  injuries,  especially 
frostbite. 

The  CEA  promotes  and  enhances 
blood  circulation  within  an  injured 
limb.  One  means  of  achieving  this  is 
by  enhancing  blood  circulation  through 
pressure  pulsations  of  80  to  120  mil- 
limeters of  mercury  peak-to-peak  in 
synchronism  wath  the  systolic  and  dias- 
tolic pressure  pulsations  of  the 
patient's  heart. 

Blood  circulation  in  an  injured  human 
foot  is  involuntarily  promoted  in  a 
vacuum/overpressure  cycle  and  in 
synchronism  with  the  heart's  systolic 
and     diastolic     pressure     pulsations 


respectively.  In  a  preferred  embodi- 
ment, the  circulation  enhancing  ap- 
paratus comprises  an  air-tight  boot 
contoured  to  fit  the  injured  human 
foot,  a  pressure  modulator  for  provid- 
ing vacuum  and  over-pressure  pulses 
to  the  boot  to  enhance  blood  circula- 
tion through  the  injured  foot  and  a 
control  circuit  which  monitors  the 
heart's  systolic  and  diastoUc  pressure 
pulsations  and  provides  electrical  con- 
trol signals  to  the  pressure  modulator 
to  assiu^e  that  the  over-pressure 
vacuum  pulses  are  cyclic  amd  in 
respective  synchronism  with  the  heart's 
systolic  and  diastolic  pressure  pulsa- 
tions regardless  of  the  patient's  pulse 
rate. 

The  CEA  is  capable  of  enhancing 
frostbite  treatment  and  promoting  soft 
tissue  healing.  It  is  also  capable  of 
possibly  preventing  amputation  due  to 
gangrene.  Applications  of  this  tech- 
nology include  doctor's  routine  treat- 
ment procedures,  emergency  treatment 
on-site  for  accident  victims,  and  first- 
aid-type  treatment  related  to  restora- 
tion and  healing  of  soft  tissue  damage 
in  human  extremities. 

For  more  information  on  this  technol- 
ogy, call  PMTC  Technology  Transfer 
Office,  (805)  989-7275. 
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U.S.  Air  Force  Fact  Sheet 


Smart  Oxygen  Mask 


( 


The  Air  Force  Armstrong  Laboratory 
has  developed  a  smart  oxygen  mask 
that  incorporates  a  pulse  oximeter  into 
the  standard  MBU-12P  aviator's 
oxygen  mask.  By  having  the  oximeter 
sensors  in  the  mask,  against  the  bridge 
of  the  nose,  one  is  able  to  noninvasive- 
ly  monitor  the  pulse  rate,  pulse 
waveform  and  percent  arterial  oxygen 
saturation  of  a  pilot  while  flying.  This 
offers  a  tremendous  advantage  in  help- 
ing to  identify  a  physiological  problem 
amd  either  warn  the  pilot  of  the  prob- 
lem or  actually  intervene  in  the  opera- 
tion of  the  aircraft.  The  smart  mask 
currently  exists  as  a  bench  model 
which  can  be  demonstrated.  The 
device  has  been  tested  on  the 
centrifuge  and  operated  successfully 
up  to  9  Gz.  The  principle  of  operation 
employs  photoplethysmography.  A 
transmitter  transmits  infrared  and  near 
infrared  wavelength  Ught  through  a 
vascular  bed  (such  as  the  bridge  of  the 
nose)  to  a  receiver.  The  pulsating 
arterial  bed,  by  expanding  and  relax- 
ing, modulates  the  amount  of  hght 
passing  through  the  tissue.     A  meas- 


urement taken  in  the  absence  of  a 
pulse  is  compared  with  a  measurement 
taken  in  the  presence  of  a  pulse,  thus 
correcting  for  factors  such  as  venous 
blood     and     other     tissue.  Two 

wavelengths  are  required  to  calculate 
the  oxygen  saturation  of  arterial  blood. 
The  ratio  of  the  absorptions  will  give 
the  percent  hemoglobin  saturation. 
The  system  is  currently  being  in- 
tegrated into  an  advanced  helmet 
under  a  DARPA  program  managed  by 
Armstrong  Laboratory.  The  smart 
mask  is  also  being  evaluated  by  a  local 
hospital  as  a  potential  trauma  monitor- 
ing device  in  air  ambulance  (heUcop- 
ter)  and  emergency  room  environ- 
ments. Because  the  smart  oxygen 
mask  accurately  tracks  the  vital  signs 
of  the  wearer  and  is  capable  of  detect- 
ing percent  arterial  oxygen  saturation 
at  eye  level,  it  has  potential  appUca- 
tions  to  fire  fighting,  coal  mining  and 
hazardous  material  handling  or  haz- 
ardous waste  clean-up  personnel. 

For  further  information,  contact  Dr. 
W.  B.  Albery,  (513)  255-5742. 
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Domestic  Technology  Transfer  Fact  Sheet 


Indirect  Fluorescent-Antibody  Analyzed 


Members  of  the  genus  Trepo- 
nema have  been  implicated  as 
possible  aetiologic  agents  of 
periodontal  disease.  The  Naval 
Dental  Research  Institute,  Great 
Lakes,  Illinois,  has  been  studying 
the  characterization  of  monoclonal 
antibodies  to  two  Treponema 
denticola  serotypes  by  the  indirect 
fluorescent-antibody  assay.  Previ- 
ously developed  murine  mono- 
clonal antibodies  (MAbs)  to  two 
Treponema  denticola  strains  were 
characterized  by  an  indirect 
fluorescent-antibody  (IFA)  tech- 


nique. There  were  15  T.  denticola 
strains  and  32  other  bacteria 
commonly  isolated  from  periodon- 
tal pockets  used  in  the  screening 
process. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  170303/TN 
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National  Aeronautics  and 
Space  Administration 
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Joint  U.S./U.aaR.  Study 
of  Effects  of  Bed  Rest 

Horizontal  and  head-down 
positions  were  investigated 
at  two  researcii  centers. 

A  report  presents  the  results  of  a  joint 
experimental  study  of  the  effects  of  bed 
rest  conducted  at  Annes  Research  Center 
in  California  and  the  Institute  for  Biomedi- 
cal Problems  in  Moscow.  The  study  was 
conducted  under  identical  conditions  at 
both  locations.  In  addition  to  generating 
useful  scientific  data,  the  study  provided 
a  basis  for  the  comparison  of  physiological 
reactions  and  standardization  of  proce- 
dures and  methods. 

The  experiments  involved  14  days  of 
pre-bed-rest  control,  7  days  of  bed  rest, 
and  10  days  of  recovery  (subsequently 
changed  to  14  days).  Ten  male  subjects 


participated  at  each  site,  five  of  them  in 
a  horizontal  position  and  five  in  a  6°  head- 
down  position.  During  the  experiments, 
biochemical  and  hormonal  measurements 
were  performed  on  blood  and  urine,  f^r- 
ticular  attention  was  given  to  electrolyte 
metabolism  and  kidney  function,  cardio- 
pulmonary changes  during  rest  and  exer- 
cise, the  influence  of  lower-body  negative 
pressure,  and  the  effects  of  incremental 
exercise  on  a  bicycle  ergometer  in  supine 
and  sitting  positions. 

Both  teams  of  investigators  found  that 
bed  rest  induced  expected  differences  in 
biochemical  endocrinological,  hematologi- 
cal, and  fluid-balance  measurements,  but 
almost  no  changes  specifically  attributable 
to  the  difference  between  the  two  bed-rest 
positions.  For  example,  head-down  sub- 
jects did  not  show  significantly  greater  de- 
creases in  volumes  of  plasma,  volumes 
of  blood,  and  masses  of  red  cells.  There 


were  also  no  significant  differences  in  water 
loading.  Overall,  according  to  the  clinical 
evidence,  the  physiological  conditions  that 
resulted  from  head-down  bed  rest  more 
closely  matched  the  conditions  seen  after 
space  flight.  For  the  most  part,  however, 
statistically  significant  differences  between 
the  two  body  positions  were  not  observed. 

This  work  was  done  by  H.  Sandler  of 
Ames  Research  Center  and  >A.  /.  Grigoriev 
of  the  Institute  for  Biomedical  Problems. 
Further  information  may  be  found  in  NASA 
TP-3037[N90-28965].  "Joint  U.SlU.SSR. 
Study:  Comparison  of  Effects  of  Horizon- 
tal and  Head-Down  Bed  Rest." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161.  Telephone  NO.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra 
fee  by  calling  (800)  336-4700. 
ARC-12809/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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National  Aeronautics  and 
Space  Administration 


Nutritional  and  Taste 
Cliaracteristics  of  Algae 

Chemical  analyses  were 
performed,  and  algal  protein 
isolates  were  incorporated 
into  some  foods. 

A  report  describes  the  investigation  of 
the  chemical  composition  of  the  blue- 
green  alga  Synechococcus  6311,  as  well 
as  the  preparation  of  protein  isolate  from 
the  green  alga  Scenedesmus  obliquus  and 
the  incorporation  of  this  isolate  into  a  varie- 
ty of  food  products,  which  were  evaluated 
for  taste.  This  work  is  part  of  a  program 
to  investigate  the  growth  of  microalgae 
aboard  spacecraft  for  use  there  as  food. 

Synechococcus  6311  was  grown  in 
KMC  medium,  its  cells  were  ruptured  by 
homogenization,  and  it  was  converted  in- 
to an  algal  flour  by  freeze-drying.  Analysis 
of  this  flour  showed  that,  compared  with 
flour  made  from  Scenedesmus  obliquus 
in  a  previous  study,  it  had  similar  weight 
percentages  of  proteins  (52.3  vs.  52.6), 
lower  weight  percentages  of  nucleic  acids 
(3.6  vs.  6.0),  and  lower  weight  percentages 
of  lipids  and  lipid-soluble  pigments  (12.6 
vs.  15.0).  The  protein  content  of  Synecho- 
coccus 6311  was  high  in  the  essential 


amino  acid  leucine  and  low  in  the  essen- 
tial amino  acids  methionine  and  trypto- 
phan, in  comparison  with  the  standards 
of  the  Food  and  Agricultural  Organization 
of  the  United  Nations.  The  main  fatty  acids 
in  Synechococcus  6311  were  Cig..,,  C.|g.Q, 
and  C^Q.|.  The  proportion  of  total  un- 
saturated fatty  acids  in  Synechococcus 
6311  was  lower  than  that  in  Scenedesmus 
obliquus.  The  only  unsaturated  fatty  acids 
were  the  monounsaturated  ones. 

Part  of  the  investigation  included  the 
preparation  of  foods  that  contained  such 
isolated  algal  macronutrients  as  proteins 
and  lipids,  in  addition  to  components  de- 
rived from  higher  plants,  including  wheat 
flour,  soy  flour,  potato  powder  and  flakes, 
soy  oil,  and  corn  syrup.  The  flour  used  to 
prepare  bran  muffins  and  chocolate-chip 
cookies  consisted  of  5  weight  percent 
algal  protein  isolate  and  95  weight  percent 
wheat  flour.  Two  different  flours  used  to 
prepare  two  different  versions  of  fettuccine 
contained  5  and  10  weight  percent,  re- 
spectively of  algal  protein  isolate.  Because 
the  protein  concentration  of  the  algal  iso- 
late was  70  percent  vs.  approximately  12 
percent  for  the  protein  concentration  of 
wheat  flour,  the  percentages  of  plant  pro- 
teins supplied  from  algae  to  the  four  prod- 
ucts ranged  from  about  20  percent  to 


about  39  percent. 

In  the  sensory  analysis  of  the  foods,  the 
greenish  colors  resulting  from  the  use  of 
algal  protein  isolate  were  not  found  to  be 
objectionable.  The  foods  had  a  mild  flavor 
described  variously  as  "spinachy"  or 
"grassy".  This  flavor  was  less  detectable 
in  th6  chocolate-chip  cookies  than  in  the 
bran  muffins.  The  color  and  taste  of  the 
algae  fettuccine  were  found  to  be  pleasant 
and  compared  well  with  those  of  commer- 
cially available  spinach  and  spirulina 
fettuccine.  The  textures  of  the  various 
fettuccine  products  were  judged  to  be 
satisfactory. 

This  work  was  done  by  M.  Karel  and  Z. 
Nakhost  of  the  Massachusetts  Institute  of 
Technology  for  Ames  Research  Center. 
Further  information  may  be  found  in  NASA 
CR-177545  [N90-15591],  '  'Utilization  of  Non- 
Conventional  Systems  for  Conversion  of 
Biomass  to  Food  Components." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  Na  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12800/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 

BWI  Airport,  t^D  21240;  (301)  621-0100  Ext.  241 
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Sequences  of  Amino  Acids  for  IHuman  Serum  Albumin 

Smaller  biologically  active  polypeptides  can  be  made. 


The  recent  determination  of  the  struc- 
ture of  hunnan  serunn  albumin  based  on  a 
new  crystalline  form  has  revealed  the  por- 
tions of  the  sequence  of  amino  acids  that 
account  for  the  outstanding  binding  prop- 
erties of  the  serum  albumin  molecule.  As  a 
result,  sequences  of  amino  acids  have 
been  defined  for  use  in  mal<ing  polypep- 
tides one-third  to  one-sixth  as  large  as  the 
pjarent  human  serum  albumin  molecule. 
These  smaller,  chemically  stable  peptides 
have  diverse  applications  including  service 
as  artificial  human  serum  and  as  the  active 
components  of  biosensors  and  chroma- 
tographic matrices. 

At  present,  there  are  thousands  of  ap- 
plications of  serum  albumin  proteins  made 
from  the  native  serum  albumins  from 
human  and  bovine  sources.  There  are  tv\/o 
major  disadvantages  to  the  use  of  these 
substances:  plasmas  isolated  from  natural 
sources  can  be  contaminated  by  viruses 
[e.g.,  human  immunodeficiency  virus  (HIV) 
and  Herpes],  and  larger  (intact)  proteins 
like  the  serum  albumins  become  dena- 


tured more  readily  and  are  more  difficult  to 
produce  by  genetic  engineering.  In  appli- 
cations that  involve  the  production  of  artifi- 
cial sera  from  the  nev^  sequences,  there  is 
little  or  no  need  to  be  concerned  about  viral 
contaminants.  Furthermore,  the  smaller 
genetically  engineered  polypeptides  are 
more  easily  expressed  and  produced  in 
large  quantities,  making  commercial  isola- 
tion and  production  more  feasible  and  prof- 
itable. 
The  new  sequences  are  the  following: 

1  to  (101-117)  (human) 

1  to  (101-117)  (bovine) 

1  to  (177-199)  (human) 

1  to  (175-197)  (bovine) 
391  to  (487-505)  (human) 

390  to  (485-514)  (bovine) 

391  to  585  (human) 
390  to  582  (bovine) 

Alternative  useful  sequences  could  also 
be  chosen  by  adding  or  deleting  leading 
and/or  trailing  amino  acids  in  these  se- 
quences. Other  alternative  sequences  can 
be  chosen  by  changing  specific  amino 


acids  to  increase  or  decrease  the  binding 
affinities  of  various  compounds  or  to  re- 
duce the  likelihood  of  antigenic  responses. 

This  work  was  done  by  Daniel  C.  Carter 
of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-ZSAOmN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Robert  L  Broad,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0021 
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Technology  Application 


Los  Alamos  National  Laboratory 


High-Acidity  Sensor 


Mining,  metal,  and  many  chemical  industries  generate  large  amounts  of  highly  acidic  waste.  For  efficient 
processing,  for  economical  recycling  of  acids,  and  for  reduction  in  the  amount  of  waste  discharged  to  the 
environment,  these  industries  need  an  accurate,  on-line  method  of  measuring  acid  concentrations.  Researchers  at 
Los  Alamos  National  Laboratory  have  invented  a  computer-controlled  instrument  for  taking  such  measurements, 
the  Optical  High-Acidity  Sensor.  In  harsh  chemical  environments  it  is  faster,  simpler,  and  more  effective  than  any 
other  technique  on  the  market  for  measuring  acidity. 

The  sensor  can  function  in  solutions  of  high  acidity  that  until  now  had  to  be  measured  by  sampling  and  titration,  a 
cumbersome,  time-consuming  process  that  generates  caustic  waste.  The  new  sensor  itself  produces  no  waste.  Used 
on-line,  it  will  save  money  and  reduce  waste  by  making  it  possible  for  companies  to  make  process  control  and 
waste-treatment  adjustments  before  acidity  fluctuations  become  a  problem.  It  will  eliminate  the  need  to  reprocess 
materials  that  were  incorrectly  processed  because  the  acidity  was  not  accurately  known.  Finally,  by  providing  an 
economical  way  to  measure  the  concentration  of  recycled  acid,  it  will  encourage  recycling  and  thus  reduce 
discharge  into  the  environment. 

The  Department  of  Energy  has  a  patent  pending  on  the  Optical  High- Acidity  Sensor.  The  principal  use  for  the 
sensor  will  be  in  monitoring  highly  acidic  chemical  processes  and  waste  solutions.  High-acidity  processing  is 
common  in  industry.  Examples  are  processing  metals  from  mining  operations,  reprocessing  fuel  elements  from 
nuclear  power  plants,  and  metal-finishing  processing  like  electroplating.  The  new  sensor  will  improve  efficiencies 
and  reduce  costs  by  giving  accurate,  inexpensive  measurements  of  acidity  during  processing.  In  addition,  it 
generates  no  waste.  The  sensor,  already  installed  in  the  plutonium  processing  line  at  Los  Alamos,  can  eliminate 
human  error  in  acid  production  because  data  acquisition  is  computer-cond'olled. 

The  researchers  are  now  working  on  ways  to  make  the  sensor  compatible  with  many  solvents  for  a  range  of  other 
applications.  For  use  in  organic  chemical  production,  for  example,  the  sensor  must  be  compatible  with  a  wide 
variety  of  organic  reagents.  In  the  semiconductor  industry,  it  must  withstand  high  fluoride  concentrations,  and 
because  fluoride  etches  glass,  a  protective  coating  for  the  lenses  may  be  required.  For  work  with  chemicals  that 
have  high  absorptivities  in  the  sensor's  spectral  absorption  band,  the  researchers  are  examining  special  subu^aciion 
methods.  They  are  also  testing  the  ruggedness  of  a  sensor  that  has  the  sensing  material  coated  onto  an  optical  fiber 
probe  for  in-line  measurements. 

The  researchers  predict  that  the  sensor  will  be  a  vital  tool  for  monitoring  any  highly  acidic  chemical-processing  or 
laboratory  operation.  It  will  save  companies  thousands  of  dollars  by  improving  process  acid  measurements.  The 
environment  will  benefit  because  not  only  will  more  efficient  processes  produce  less  waste,  but  the  sensor  will  also 
make  possible  cheaper  and  easier  recycling  of  the  used  acids.  The  result  will  by  a  reduction  in  the  amount  of  acidic 
waste  discharged  into  the  environment. 

FOR  ADDITIONAL  INFORMATION:  For  more  information,  contact  Dr.  Eugene  Stark,  (505)  667-1234. 
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Predicting  Clear-Air  Turbuience  From  IVIicrowave  Radiometry 


Aircraft  could  predict  and  avoid  turbulence. 


A  proposed  microwave  radionneter  sys- 
tem aboard  an  aircraft  would  scan  tlie  sky 
and  predict  the  likelihood  of  turbulence 
and  indicate  how  to  avoid  it.  It  is  desirable 
to  avoid  encounters  with  clear  air  tur- 
bulence (CAT)  because  it  occasionally  in- 
jures passengers,  is  a  distraction  to  the 
pilots,  increases  fuel  consumption,  and 
causes  airframe-metal  fatigue. 

The  proposed  system  would  combine 
the  microwave-instrument  measurement 
of  vertical  temperature  gradient  with  an  in- 
ertial  navigation-system  measurement  of 
wind  vector  and  provide  warnings  about 
the  time  and  severity  of  an  upcoming  CAT, 
and  indicate  how  to  avoid  it.  The  system 
would  also  save  fuel  by  making  it  un- 
necessary to  detour  around  regions  that 
conservative  forecasts  indicate  might  con- 
tain CAT,  through  which,  instead,  one  can 
be  navigated  more  efficiently  by  following 
altitude-avoidance  advisories  of  the  pro- 
posed instrument. 

The  proposed  system  would  include  a 
scanning  microwave  radiometer  similar  to 
one  that  has  been  used  in  airborne  studies 
of  the  Antarctic  ozone  hole.  The  passive 
microwave  radiometer  measures  thermal 
emission  from  oxygen  molecules  at  one 
or  more  frequencies  near  57  GHz.  The  in- 
strument would  scan  through  an  elevation 
range  of  -60°  to  +60°  every  few  sec- 
onds, and  convert  measured  intensities  to 
air  temperature  versus  altitude.  The  tem- 
perature profile  would  extend  across  an 
altitude  region  approximately  5-km  thick, 
centered  on  the  aircraft's  altitude. 

These  air  temperatures  would  be  con- 
verted to  potential  temperature,  6,  versus 
altitude,  z.  d  is  the  temperature  an  air 
parcel  would  have  if  it  were  adiabatically 
compressed  to  a  standard  pressure  of  1 
bar  (0.1  MPa).  The  foregoing  information 
would  then  be  used  to  compute  the  ver- 
tical gradient  of  $,  ddjdz. 


The  next  step  would  be  to  determine 
vertical  wind  shear,  dW/dz,  which  is  the  or- 
thogonal sum  of  the  vertical  gradient  of  U 
and  V,  the  east-west  (EW)  and  north- 
south  (NS)  components  of  the  wind.  This 
would  be  done  by  first  calculating  the 
dependence  of  U  and  V  upon  6:  dU/dS  and 
dV/d.  This  is  made  possible  by  the  fact  that 
an  aircraft  is  always  flying  through  a 
wrinkled  pattern  of  isentropes  (surfaces  of 
equal  potential  temperature)  and  isotachs 
(surfaces  of  equal  wind  speed).  An 
ever-present  background  of  up  and  down 
air  motions  moves  the  isentropes  and 
isotachs  together,  creating  the  wrinkled 
pattern.  An  aircraft  flying  through  the 
wrinkled  pattern  will  measure  variations  of 
d,  U,  and  V,  allowing  for  the  calculation  of 
dU/de,  dV/dfl,  and  hence  dW/d0: 
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The  proposed  system  would  calculate  this 
gradient  and  then  multiply  it  by  the  vertical 
gradient  of  potential  temperature  to  pro- 
duce vertical  wind  shear: 
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The  next  step  would  be  to  calculate 
Richardson  number,  Ri,  which  can  be  re- 
garded as  the  ratio  of  stabilizing  forces  to 
overturning  forces: 

..n2 


Ri 


where  g  is  the  gravitational  constant.  When 
Ri  >  1 ,  the  atmosphere  is  stable  and  CAT 
is  unlikely  because  small  perturbations  are 
suppressed.  When  Ri  <  1/4,  small  pertur- 
bations can  grow  and  produce  CAT.  Prior 
to  encountering  CAT  there  will  be  a  down- 
ward trend  of  Ri  from  typical  values,  in  the 
range  10  to  100,  to  values  below  5  and  ap- 
proaching 1/4.  This  pattern  of  decreasing 
Ri  would  be  used  to  issue  warnings  of  im- 
minent CAT 


CAT  severity  could  be  determined  from 
the  magnitude  of  stored  wind  energy  per 
unit  increment  of  altitude.  This  involves  the 
evaluation  of  (dV/dz)^  for  the  extrapolated 
condition  Ri  =  1/4. 

Upon  determining  that  CAT  is  imminent 
at  the  aircraft's  flight  level,  the  pilot  can 
be  advised  to  either  climb  or  descend  de- 
pending on  which  maneuver  offers  the 
quickest  escape.  The  microwave  tempera- 
ture profiler  will  indicate  the.altitude  region 
where  CAT  will  be  generated,  since  CAT 
producing  wind  shear  is  almost  always 
confined  to  such  temperature  structures 
as  inversion  layers  and  the  tropopause. 

This  work  was  done  by  Bruce  L.  Gary 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  ^ 
Inquiries  concerning  nonexclusive  or  i 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-ldllS/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Arif  Husain 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 1 09 
(818)  354-4862 
Patent  Counsel: 
Thomas  H.  Jones 
Mall  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-5179 
Technology  Utilization 
Mgr.  for  JPL:  Dr.  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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IVIaking  IHigh-Temperature  Superconductors  by  iVIelt  Sintering 

Relatively  thick  films  of  oriented  bulk  superconductive  nnaterial  have 
been  produced  with  thicknesses  up  to  1  mnn  and  areas  up  to  1  cnn2. 


A  melt-sintering  technique  has  been  ap- 
plied to  the  YBa2Cu307_^  system  and  to 
the  Bi/Ca/Sr/Cu-oxide  system  to  produce 
highly  oriented  bulk  high-temperature-su- 
perconductor materials  extending  to  ma- 
croscopically  usable  dimensions.  The  proc- 
essing requires  relatively  inexpensive  and 
simple  equipment,  compared  with  that  nor- 
mally used  to  produce  thin  films  of  these 
superconductors.  Because  the  critical  cur- 
rent can  be  two  orders  of  magnitude  great- 
er in  the  crystal  ab  plane  than  in  the  crystal 
c  direction,  a  high  degree  of  orientation  can 
greatly  enhance  the  critical  current  in  these 
bulk  materials,  making  them  much  more 
suitable  for  many  proposed  applications, 

The  preparation  of  oriented  supercon- 
ductive material  in  the  YBa2Cu307_^ 
system  is  difficult  because  of  the  tenden- 
cy toward  incongruent  melting  in  this  sys- 
tem. Processing  begins  with  the  mixing  of 
Y2O3,  BaC03,  and  CuO  powders  in  molar 
ratios  such  that  the  Y:Ba:Cu  ratio  is  1:2:3. 
The  mixture  of  powders  is  then  slowly 
heated  from  a  preheat  temperature  to  the 
sintering  temperature  to  ensure  complete 
calcination,  especially  the  liberation  of 
CO2  from  the  BaCOg.  The  slow  heating 
also  promotes  the  homogeneous  growth 
of  the  YBajCUgOy  phase,  inhibiting  the 
formation  of  the  undesired  YjBaCuG^  and 
BaCu02  phases.  The  oxygen  content,  7-x, 
has  a  usual  minimum  of  about  6.5  and  is 
exchanged  with  the  atmosphere,  resulting 
in  a  value  between  6.5  and  7.0.  The  heat 
treatment  can  ensure  a  value  close  to  7.0. 

The  heat  treatment  begins  with  preheat- 
ing at  controlled  rates  to  900  °C.  The  ma- 
terial is  held  at  this  temperature  for  15  h, 
then  cooled  to  room  temperature  at  the 
same  controlled  rates.  Next,  the  material 
is  sintered  for  15  to  60  h  at  927  °C,  then 
cooled  at  controlled  rates  to  room 
temperature.  The  material  is  characterized 
by  x-ray  diffraction  after  the  preheat  or 
sintering  step  to  determine  whether  the 
pure  YBajCUgO^  phase  has  been  formed. 

The  material  is  then  melt-sintered  for  15 
to  50  min  at  a  temperature  of,  typically 
1,040  to  1,060  °C.  The  melt-sintered  ma- 
terial is  then  cooled  rapidly  (20  to  25  "0/ 
min)  to  about  1,000  °C  (to  minimize  the 
time  above  the  peritectic  temperature  of 


1,025  °C),  then  slowly  (0.3  °C/min)  to 
970  °C  (to  promote  additional  orientation 
of  the  material),  then  rapidly  (10  °C/min) 
to  900  °C  (to  prevent  additional  grov*/th  of 
undesired  phases),  then  slowly  (2  to  5  °C/ 
min)  to  room  temperature  (to  allow  for  the 
diffusion  of  oxygen  into  the  material  in  the 
temperature  range  in  which  uptake  of  ox- 
ygen is  maximum).  Finally  the  material 
is  annealed  in  the  temperature  range  of 
450  °C  to  525  °C. 

The  figure  shows  x-ray  diffraction  scans 
of  melt-sintered  and  single-crystal  speci- 
mens of  YBa2Cu307_^.  The  single  crystal 
represents  an  ideal  thick  film  in  the  pre- 
ferred orientation,  in  which  the  c-axis  is 
perpendicular  to  the  surface.  These  scans 
show  that  the  melt-sintered  specimen  has 
the  same  orientation;  that  is,  only  reflec- 
tions characteristic  of  a  high  degree  of  c- 
axis  orientation  are  present. 

The  preparation  of  superconductive  ma- 
terials in  the  Bi/Ca/Sr/Cu-oxide  system  is 
different  and  somewhat  easier  because  un- 
der the  proper  conditions,  congruent  melts 


can  be  obtained.  Experiments  have  involved 
Bi/Ca/Sr/Cu  oxides  in  which  the  atomic 
ratios  of  these  metals  were  nominally 
2:2:0:1,  2:2:1:2,  and  2:2:2:3,  except  that  in 
some  specimens,  10  or  15  percent  Pb  or 
5  percent  Sb  have  replaced  the  correspond- 
ing atomic  proportions  of  Bi  in  the  afore- 
mentioned nominal  stoichiometries.  The 
melt-sintering  effect  observed  in  this  ma- 
terial system  is  as  follows:  As  the  temper- 
ature increases  toward  the  melting  point, 
the  2:2:0:1  phase  is  formed  first,  followed  by 
the  2:2:1:2  phase,  followed  by  the  2:2:2:3 
phase.  As  the  temperature  increases  be- 
yond the  melting  point,  the  desired  2:2:2:3 
phase  is  formed  first,  followed  by  the  un- 
desired 2:2:1:2  and  2:2:0:1  phases,  respec- 
tively. These  phases  are  now  found  in  a 
highly  c-axis  oriented  form.  The  substitu- 
tion of  Pb  or  Sb  for  Bi  in  the  amounts  spe- 
cified above  greatly  enhances  the  melt- 
sintering  effect.  In  particular,  the  intensities 
of  those  x-ray  diffraction  peaks  that  indi- 
cate the  desired  type  and  degree  of  orien- 
tation can  be  an  order  of  magnitude  higher 
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X-Ray-Diff Taction  Scans  of  a  single  crystal  of  YBa^CujG^^  (above)  and  of  a  melt- 
sintered  specimen  of  the  same  material  (below)  indicate  that  both  have  the  same  high 
degree  of  c-axis  orientation. 
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in  specimens  that  contain  Sb  than  they  are 
in  average  melt-sintered  specimens  that 
do  not  contain  Sb.  As  in  the  yttrium  1:2:3  sys- 
tem, the  melt-sintering  effect  is  observed  in 
macroscopically  bulk  portions  of  specimens. 

This  work  was  done  by  John  P.  Golben 
of  UAH  Research  Institute  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-26142/TN. 
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Marshall  Space  Flight 

Center, 

AL  35812 
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New  Cross-linkable  Polyimides 

Methyl  groups  cross-link  in  air  at  275  °C  or  upon  ultraviolet  irradiation  to  form  insoluble  polyimides. 


Polymides  are  condensation  polymers 
commonly  synthesized  by  the  reaction 
of  aromatic  dianhydrides  with  aromatic 
diamines.  In  a  typical  case,  the  interme- 
diate polyamide  acid  is  either  thermally  or 
chemically  cyclodehydrated  to  form  the 
polyimide.  Methyl  side  groups  on  polyi- 
mides have  been  shown  to  increase  the 
solubilities  and  to  affect  the  glass-transi- 
tion temperatures  and  crystalline  melting 
temperatures.  Ftolyimides  containing  meth- 
yl substituents  are  potentially  useful  in  mi- 
croelectronic applications  because  they 
undergo  cross-linking  photochemical  reac- 
tions when  exposed,  for  example,  to  ultra- 
violet radiation. 

A  series  of  new  methyl-substituted  poly- 
imides containing  carbonyl  and  ether  con- 
necting groups  between  the  aromatic  rings 
were  prepared  from  the  reactions  of  three 
aromatic  dianhydrides  with  methyl-substi- 
tuted diamines  in  which  carbonyl  and 
ether  connecting  groups  lie  between  the 
aromatic  rings.  The  diamines  were  pre- 
pared by  the  reactions  of  3-methyl-4-ami- 


nophenol  and  3,5-dimethyl-4-aminophenol 
with  bis(4-fluorobenzoyl)-terminated  com- 
pounds in  the  presence  of  potassium 
carbonate. 

The  methyl-substituted  polyimides  are 
amorphous,  and  when  the  polyamide  acids 
are  converted  to  the  polyimides  under  con- 
ditions that  prevent  thermal  cross-linking, 
the  resulting  polyimides  are  much  more 
soluble  than  are  similar  polyimides  that  do 
not  contain  methyl  substituents.  These  sol- 
uble, thermally  processable  polyimides  ex- 
hibit high  glass-transition  temperatures 
and  good  mechanical  properties.  Upon  ex- 
posure to  ultraviolet  radiation  or  temper- 
atures above  275  °C  in  air,  the  methyl- 
substituted  polyimides  cross-link  to  form 
insoluble  polymer  networks. 

These  new  materials  may  be  particular- 
ly useful  in  electronics  and  microelec- 
tronics; for  example,  as  high-temperature 
coats  for  printed-circuit  boards,  for  photo- 
resist applications,  and  possibly  for  print- 
ing and  membrane  applications.  These 
materials  may  also  be  useful  as  films, 


adhesives,  and  composite  matrices. 

This  work  was  done  by  Paul  M. 
Hergenrother  of  Langley  Research 
Center  and  Stephen  J.  Havens  of 
Planning  Research  Corp. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center 
Refer  to  LAR-14351/TN. 

Langley  Research  Ctr. 

Technology  Utilization 

Officer:  Joseph  J.  hAathis,  Jr. 

Head,  TU  &  AO  Office 

Mail  Stop  200 

10  West  Taylor  Road 

Hampton,  VA  23665-5225 

(804)  864-2484 

Patent  Counsel: 
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(804)  864-3221 
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Polyethylene  Glycol  Propionaldehydes 

These  compounds  are  stable  in  water  and  reactive  toward  amines. 


A  new  class  of  compounds  derived  from 
polyethylene  glycol  (PEG'S)  —  namely 
PEG-propionaldehydes  —  offers  two  im- 
portant advantages  over  other  classes  of 
PEG  aldehyde  derivatives:  the  compounds 
in  this  class  exhibit  selective  chemical 
reactivity  toward  amino  groups  and  are 
stable  in  an  aqueous  environment.  Unlike 
PEG-acetaldehydes,  these  compounds  re- 
sist decomposition  via  aldol  condensation 
in  the  presence  of  base,  and  they  are 
much  more  reactive  toward  amines  than 
are  PEG-benzaldehydes. 

PEG'S  and  derivatives  thereof  can  be 
used  to  couple  a  variety  of  other  mole- 
cules, for  example,  to  tether  protein  mole- 
cules to  surfaces.  The  biotechnical  and 
biomedical  applications  can  include  par- 
titioning of  two  phases  in  aqueous  media; 
immobilization  of  such  proteins  as  en- 
zymes, antibodies,  and  antigens;  modifica- 
tion of  drugs;  and  preparation  of  protein- 
rejecting  surfaces.  In  addition,  surfaces 
coated  with  PEG'S  and  derivatives  thereof 
can  be  used  to  control  wetting  and  electro- 
osmosis. 

A  PEG-propionaldehyde  containing  sul- 
fur was  prepared  in  the  sequence  of  reac- 
tions shown  in  the  figure.  The  intermediate 
acetal  and  the  product  aldehyde  were 
identified  from  their  nuclear-magnetic-res- 
onance spectra.  Although  it  is  not  expect- 
ed that  having  sulfur,  rather  than  oxygen, 
as  the  linking  atom  between  the  polymer 
and  aldehyde  will  be  of  consequence,  pos- 
sible synthetic  routes  to  PEG-propionalde- 
hydes without  sulfur  can  be  devised. 

The  experimental  PEG-propionaldehyde 
appears  to  be  ideal  for  use  in  modifying 
proteins:  Reductive  amination  proceeds 
rapidly  under  a  variety  of  conditions.  In  a 
typical  experiment,  1  part  by  weight  of  pro- 
tein was  reacted  with  4  parts  by  weight 
of  the  experimental  PEG-propionaldehyde 
in  the  presence  of  sodium  cyanoborohy- 
dride  for  1  hour  at  room  temperature  in  pH 


HS— CH2CH2CH2— SH  +  01— CH2CH2CH(0Et)2     - 

HS— CH2CH2CH2— S— CH2CH2CH(0Et)2    PEG-OTs/BuLi  Acid 

^         ^ 

PEG— S— CH2CH2CH2— S— CH2CH2CHO 

Notes: 

1.  ET  =  ethyl  (— CH2CH3). 

2.  Bu  =  butyl  (— CH2CH2CH2CH3). 


3.  OTs  =  para-toluenesulfonate  I  — O 


-|-<^-) 


4.  R  and  R'  denote  ottier  groups. 

5.  PEG  =  polyethylene  glycol    (R— O— (CH2CH20)n  — R']. 

6.  n  IS  an  integer. 


This  PEG-Propionalde- 

hyde  containing  sulfur 
is  prepared  by  this  se- 
quence of  reactions  car- 
ried out  in  dimethylsul- 
foxide. 


9  borate  buffer,  followed  by  dialysis  against 
phosphate-buffer  saline.  As  a  result,  a  sig- 
nificant fraction  of  the  available  lysines 
were  modified.  For  example,  the  antibody 
against  alkaline  phosphatase  (antialkaline 
phosphatase)  was  38  percent  modified, 
and  the  antibody  against  human  red  blood 
cells  (antihuman  RBC's)  was  28  percent 
modified. 

Another  potential  application  of  PEG- 
propionaldehyde  is  in  coupling  to  aminated 
surfaces.  For  example,  it  is  readily  coupled 
to  aminated  glass  in  water  at  room  tem- 
perature; reduction  of  the  imine  linkage  is 
accomplished  by  use  of  sodium  cyano- 
borohydride,  described  for  the  protein  re- 
actions. [If  a  difunctional  PEG  aldehyde  is 
used  (e.g.,  PEG  4000  dialdehyde),  the  al- 
dehyde can  first  be  coupled  to  the  surface 
and  then  to  some  other  molecules  (such 
as  those  of  a  protein)  to  link  those  mole- 
cules to  surfaces.]  The  major  advantage 
of  PEG-propionaldehyde  for  this  surface 
application  is  that  it  can  be  applied  in 
water.  Thus,  one  can  work  with  surfaces 
(such  as  many  organic  polymers)  that 


would  be  damaged  by  the  dry  organic 
solvents  most  suitable  for  many  other 
water-sensitive,  active  PEG'S. 

This  work  was  done  by  Joe  M.  Harris 
and  Mohammad  R.  Sedaghat-Herati  of 
the  University  of  Alabama  in  Huntsville 
and  Laurel  J.  Karr  of  Marshall  Space 
Flight  Center 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-26127/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Robert  L  Broad,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0021 
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Technology  Application 


Low  Flow  Rate  Monitor 


In  many  systems,  there  is  a  need  to 
monitor  the  flow  of  liquids  where  the 
rate  of  flow  is  very  low.  Typical  ap- 
plications exist  in  research 
laboratories,  industrial  processes,  and 
medical  faciUties.  Furthermore,  there 
are  appKcations  where  the  means  for 
detecting  the  flow  cannot  be  in  contact 
with  the  fluid,  particularly  if  there  is 
electrical  circuitry  involved.  Examples 
include  chemical  processing  plants, 
where  the  fluids  may  be  highly  com- 
bustible or  corrosive,  or  in  medical 
laboratories  where  fhere  is  a  danger  of 
electrical  shock  or  where  the  liquids 
may  be  electrically  conductive. 

The  Low  Flow  Rate  Monitor, 
developed  by  Princeton  Plasma 
Physics  Laboratory  researchers,  is  a 
noninvasive  method  of  detecting  the 
flow  of  transparent  or  translucent  U- 
quids  using  a  technique  capable  of 
monitoring  flows  as  low  as  one-third 
gallon  per  minute,  although  higher 
rates  are  also  easily  measured.  The 
detecting  technique  involves  a 
photodiode  and  photodetector 
monitoring  the  flow  through  a 
waterwheel.  Consequently,  there  are 
no  probes  placed  within  the  liquid  flow 
stream.  The  electronic  circuitry  has  a 
user  adjustable  low  flow,  cut  out,  trip 
point. 

Each  of  the  electronic  components  is 
mounted  on  the  outside  of  the 
waterwheel  assembly.  The  waterwheel 
consists  of  three  60  degree  sections 
which  are  opaque,  separated  by  three 


60  degree  clear  sections.  This 
provides  a  high  degree  of  contrast  for 
transmitted  light,  so  that  the  detector 
can  be  used  with  a  variety  of  clear  li- 
quids or  gases.  The  waterwheel  used 
in  the  prototype  imit  shown  in  the 
photograph  provides  measurements 
ranging  from  5  milliliters  per  second  to 
95  milliliters  per  second,  but  other  rzm- 
ges  are  possible.  Rotational  movement 
of  the  waterwheel  modulates  the  hght 
at  the  rate  of  three  on/off  cycles  for 
each  complete  360  degree  of  rotation. 
Additionally,  the  pulse  output  can  also 
be  externally  available  and,  after  ap- 
propriate calibration,  provide  a 
measure  of  the  flow  rate.  A  monitor 
light  emitting  diode  provides  a  visual 
indication  that  the  flow  is  adequate 
which  is  especially  useful  if  the 
monitor  waterwheel  itself  is  not  visible. 

An  alternate  circuit  implementation 
will  detect  both  a  user  adjustable  high- 
flow  rate  limit  as  well  as  low-flow  limit. 
A  high-flow  rate  may  be  caused  by  sys- 
tem malfunctions  and  the  ability  to 
detect  a  higher  than  normal  flow  may 
provide  system  protection.  Possible 
causes  of  abnormally  high-flow  rate  in 
a  piping  system  may  be  reduced  back 
pressure  caused  by  a  broken  pipe 
downstream  from  the  monitor,  a  faulty 
pump,  or  the  constriction  of  a  branch 
piping  circuit. 


For   further   information,   contact   Dr. 
Joseph  File,  (609)  243-3009. 
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SDIO  Lace  Satellite  Scores  Success 


The  Naval  Research 
Laboratory's  (NRL),  Washington, 
D.C.,  SDIO  Low  Power  Atmos- 
pheric Compensation  Experiment 
(LACE)  satellite  has  successfully 
acquired,  tracked,  and  imaged  the 
plume  of  a  cooperatively  launched 
Black  Brant  three-stage  rocket. 

The  exercise  used  the 
Ultraviolet  Plume  Instrument 
(UVPI)  onboard  the  LACE 
satellite.  The  UVPI  system 
acquired  and  tracked  the  booster 
on  the  first  attempt.  This 
operation  is  one  of  a  continuing 
series  of  highly  successful  ultra- 
violet remote  sensing  exercises 
using  the  LACE/UVPI  instrument. 
The  NRL/SDIO  team  has  tracked 
and  imaged  a  wide  variety  of 
phenomena  to  date,  including 
numerous  stars,  cloud  formations, 
aurora,  volcanic  gasses,  ground 


calibration  beacons,  and  other 
ground  and  atmospheric  clutter 
targets. 

The  exercise  is  the  first 
experiment  that  involved  the 
imaging  plume  of  a  thrusting 
rocket.  Data  processing  is  present- 
ly under  way.  Initial  raw  data 
review  indicates  there  may  be 
unexpected  information  on  the 
radiance  and  geometry  of  the  UV 
signature  of  rocket  plumes  as 
viewed  from  space  sensors. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  161203/TN 
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IVJASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Modification  of 
a  Communication 
Switch  in  a  Helicopter 

The  pilot  could  pay  more 
attention  to  flight  control 
during  critical  nnaneuvers. 

A  report  describes  a  preliminary  study 
of  a  modification  of  electronic  circuitry 
connected  to  communication-channel- 
selecting  switches  in  the  AH-1  Cobra  heli- 
copter. The  switches  in  question  are  a  foot 
switch  and  a  cyclic  thumb-wheel  switch 
mounted  on  the  joystick  flight  control.  The 
modification  was  proposed  by  Army  pilots 
to  enable  pilots  and  other  crewmembers 
to  select  radio  channels  or  intercommun- 
ication (that  is,  communication  among 
crewmembers)  with  less  diversion  of  at- 
tention from  flight  control  and  other  critical 
tasks.  The  modification  is  intended  to  en- 
hance safety  and  performance  in  critical 
situations;  for  example,  in  nap-of-the-Earth 
flight  maneuvers  during  combat. 

The  cyclic  switch  on  the  joystick  and 
the  foot  switch  operate  in  conjunction  with 
a  noncyclic,  six-position  rotary  switch  on 
the  control  panel.  In  the  unmodified  con- 
figuration, only  two  of  a  total  of  four  posi- 
tions of  the  cyclic  switch  are  used,  and 


two  operating  modes  are  available.  In  one 
mode,  the  panel  switch  is  placed  in  "ICS" 
(intercommunication  system)  position,  the 
foot  switch  is  used  to  key  the  ICS,  and  the 
cyclic  switch  is  used  to  select  intercom- 
munication only  In  the  other  mode,  the 
panel  switch  is  set  to  the  desired  radio 
channel,  the  foot  switch  is  used  to  key 
radio  communication  on  that  channel,  and 
the  cyclic  switch  is  used  to  select  inter- 
communication or  radio  communication. 
The  major  disadvantage  of  the  unmodified 
configuration  is  that  to  change  radio  chan- 
nels, the  pilot  or  other  crewmember  must 
divert  attention  from  the  critical  control 
task  at  hand  and  look  inside  the  cockpit 
to  change  the  position  of  the  rotary  switch 
on  the  control -panel. 

In  the  preferred  version  of  the  modified 
configuration,  all  four  positions  of  the  cyclic 
switch  would  be  used,  and  there  would  be 
two  operating  modes.  In  both  modes,  the 
cyclic  switch  could  be  used  to  select  ICS 
or  one  of  three  radio  channels.  In  one 
mode,  the  panel  switch  would  be  set  in 
"ICS"  position,  and  the  foot  switch  would 
be  used  to  key  the  ICS,  In  the  other  mode, 
the  foot  switch  would  be  used  to  key  the 
radio  channel  selected  via  the  rotary  panel 
switch. 

The  modified  configuration  was  judged 


favorably  by  pilots  in  flight  tests.  Pilots 
found  that  they  were  able  to  keep  both 
hands  on  flight  controls  while  changing 
radio  channels.  They  also  reported  in- 
creased awareness,  increased  capability 
to  communicate,  and  increased  safety. 
Some  minor  deficiencies  were  identified 
in  the  flight  tests,  but  presumably  can  be 
corrected  via  a  combination  of  flight  tests, 
secondary  modifications,  and  training 
to  eliminate  carryover  of  inappropriate 
operating  habits  from  the  unmodified 
configuration. 

777/5  wor/c  was  done  by  Loran  Haworth. 
Zoltan  Szoboszlay,  and  Robert  Shively  of 
the  U.S.  Army  Aviation  Researcli  and  Tech- 
nology Activity  and  Franl<  J.  Bici<  of  the  U.S. 
Army  Aviation  Systems  Command  for 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TI\A-101053 
[N89-20978],  -'AH-IS  Communication 
Switch  integration  Program." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-1266irrN 
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Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Nonlinear  Maneuver  Autopilot 

Trajectory-control  laws  are  based  on  singular-perturbation  theory  and  nonlinear  dynamical  modeling. 


Progress  has  been  nriade  in  the  effort 
to  develop  a  maneuver  autopilot  that  would 
control  test-flight  trajectories  of  an  F-15 
airplane.  Unlike  many  prior  electronic  con- 
trol systems,  this  one  would  not  be  based 
on  a  mathematical  model  of  the  airplanfe 
in  which  the  dynamics  are  represented  by 
a  linear  approximation  or  series  of  such 
approximations.  Instead,  the  mathematical 
model  in  the  proposed  autopilot  would  be 
constructed  to  express  the  nonlinear  dy- 
namics of  the  aircraft  and  controls  taken 
together  as  a  system,  and  recent  develop- 
ments in  the  theory  of  the  control  of  non- 
linear systems  would  be  used  in  design- 
ing the  autopilot. 

A  systematic  approach  to  the  develop- 
ment of  control  systems  of  the  proposed 
kind  is  based  on  the  theory  of  singular  per- 
turbations and  the  theory  of  prelinearizing 
transformations.  The  application  of  singu- 
lar-perturbation theory  simplifies  the  pre- 
linearizing transformation  considerably 
and  provides  consistent  means  for  the 
elimination  of  ignorable  state  variables. 
Within  this  theoretical  framework,  the  state 
variables  in  the  original  nonlinear  problem 
are  retained,  while  the  control  variables  are 
transformed. 

One  of  the  advantages  of  this  approach 
is  that  the  representation  of  the  dynamics 
can  be  split  on  the  basis  of  the  speeds  of 
evolution  of  the  state  variables  in  such  a 
way  that  the  computations  for  some  con- 
trol loops  can  be  performed  at  rates  much 
lower  than  for  others  (see  figure).  In  the 
fast-time-scale  loops,  the  slow-time-scale 
variables  are  treated  in  the  computations 
as  though  they  were  constants  A  controller 
designed  according  to  this  approach  could 
be  implemented  more  efficiently  than  a 
more  conventional  controller  can  be  be- 


The  Nonlinear  Ma- 
neuver Autopilot 

would  command 
flight-test  trajecto- 
ries of  an  F-15  air- 
plane. The  underly- 
ing theory  of  this 
type  of  controller 
would  enable  the 
separation  of  vari- 
ables to  be  pro- 
cessed in  fast  and 
slow  control  loops, 
reducing  the  amount 
of  computation  re- 
quired. 
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cause  it  would  require  fewer  computations. 

As  part  of  continuing  development,  a 
controller  of  the  proposed  type  was  syn- 
thesized mathematically  by  using  a  non- 
linear mathematical  model  of  the  airplane. 
The  synthetic  controller  was  expressed  as 
a  set  of  equations  for  the  control  of  air- 
speed, altitude,  angle  of  attack,  and  roll 
attitude.  This  controller  was  tested  in  a 
computer  simulation  with  the  help  of  a 
previously  developed  computer  model  of 
the  airplane  and  of  its  command-augmen- 
tation system  (the  system  of  equipment 
through  which  the  pilot,  autopilot,  and  con- 
trol surfaces  of  the  airplane  interact).  The 
simulation  included  the  following  test  tra- 
jectories: acceleration  in  level  flight,  push- 
over/pullup  zoom  and  pushover  excess- 
thrust  windup  turn,  constant-thrust  windup 
turn,  and  constant-dynamic-pressure,  con- 
stant-load-factor trajectory 

The  results  of  the  simulation  indicate 
that  (1)  the  command-augmentation  sys- 
tem is  stable  and  sufficiently  fast  and  (2) 


the  equations  of  the  maneuver  autopilot 
make  this  autopilot  sufficiently  robust  in 
the  face  of  inaccuracies  in  the  mathe- 
matical model  that  the  airplane  can  be 
controlled  with  high  accuracy  Provided 
that  the  mathematical  models  of  the  dy- 
namics of  the  airplane  and  of  the  com- 
mand-augmentation system  are  accurate, 
one  would  expect  the  control  system  to 
respond  satisfactorily  during  a  flight  test. 

This  work  was  done  by  P.  K.  A.  Menon, 
M.  E.  Badgett,  and  R.  A.  Walker  of  Inte- 
grated Systems,  Inc.,  for  Ames  Research 
Center.  Further  information  may  be  found 
in  NASA  Tf\^ -179442  [N90-11487].  ''Non- 
linear Maneuver  Autopilot  for  the  F-15  Air- 
craft." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield.  Virginia 
22161.  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700 
ARC-12560n'N 
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Optical  Detection  of  Ice  on  a  Helicopter  Rotor 

Ice  would  alter  the  polarization  of  reflected  light. 


Ice  fornning  on  tielicopter  rotor  blades 
under  adverse  weather  conditions  would 
be  detected  via  its  effect  on  the  polariza- 
tion of  reflected  light,  according  to  a  pro- 
posal. An  ice-detection  system  based  on 
this  principle  could  alert  the  helicopter  pilot 
to  the  need  for  corrective  action,  and/or 
it  could  turn  on  deicing  equipment  auto- 
matically. A  timely  response  is  essential 
because  ice  on  the  rotor  blades  reduces 
lift,  possibly  causing  the  helicopter  to  fall. 
The  figure  illustrates  one  version  of  the 
proposed  ice-detection  system.  An  AIGaAs 
laser  diode  would  generate  predominant- 
ly linearly  polarized  light  (polarization  ratio 
>  200:1).  The  laser  beam  would  be  col- 
limated  by  a  lens  and  directed  toward  the 
leading  edge  of  a  rotor  blade  by  a  scan- 
ning mirror  The  reason  for  scanning  the 
leading  edge  is  that  studies  have  shown 
that  ice  forms  there  first.  The  motion  of  the 
scanning  mirror  would  be  synchronized 
with  that  of  the  rotor  (typical  rotation  fre- 
quency =  5  Hz)  in  such  a  way  that  the 
beam  would  strike  perpendicularly  to  the 
leading  edge  and  scan  the  entire  leading 
edge  of  each  blade  from  root  to  tip. 

Some  of  the  light  reflected  from  the 
blade  would  travel  back  along  the  axis  of 
the  illuminating  beam  to  three  receivers. 
Each  receiver  would  include  a  linear  po- 
larizer and  an  optical  band-pass  filter, 
which  would  pass  the  reflected  laser  light 
and  eliminate  most  of  the  background  light. 
The  filtered  light  would  be  focused  by  a 
lens  onto  a  positive/intrinsic/negative  (PIN) 
photodiode.  The  output  of  the  photodiode 
would  be  band-pass-filtered  at  the  frequen- 
cy of  rotation  with  a  1-Hz  bandwidth  to 
reduce  background-light  signals  further 
and  to  reduce  signals  caused  by  the  scat- 
tering of  laser  light  from  airborne  ice  crys- 
tals and  drops  of  water 

The  linear  polarizers  of  receivers  1,  2, 
and  3  would  be  oriented  so  that  the  re- 
ceivers would  be  sensitive  to  light  linearly  polarized  at  0°, 
45°,  and  90°,  respectively  (where  0°  denotes  the  angle  of 
linear  polarization  of  the  illuminating  laser  beam).  The 
outputs  of  the  receivers  would  be  digitized  and  converted 
to  relative  amplitudes  as  functions  of  scan  time.  These 
digitized  outputs  would  be  compared  in  a  microprocessor 
with  the  digitizied  outputs  obtained  during  a  previous 
calibration  scan  that  was  taken  when  no  ice  was  present. 
The  deviations  of  the  digitized  quantities  of  the  present 
scan  from  those  of  the  "no-ice"  scan  would  be  quantified 
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ice  on  the  Leading  Edge  of  the  rotor  blade  would  alter  the 
polarization  of  reflected  laser  light.  The  system  would  respond  to  a 
significant  change  in  polarization  by  issuing  an  alarm  so  that  the 
pilot  would  respond  to  the  incipient  icing  hazard. 

and  compared  with  calibration  criteria  to  determine  whether 
the  polarization  of  the  reflected  light  differs  significantly 
from  the  "no-ice"  polalrization,  indicating  the  presence  of 
ice.  If  so,  the  microprocessor  would  activate  an  alarm. 

This  work  was  done  Oy  Donald  M.  Cornwell,  Jr.,  and  Paul  L. 
Spadin  of  Goddard  Space  Flight  Center. 
GSC-13391/rN 
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Simplified  IVIodeling  of  a 
Helicopter 

A  mathematical  model  with 
minimum  complexity  is 
developed. 

A  report  discusses  the  development  of  a 
minimum-complexity  mathematical  model 
of  a  helicopter  for  use  in  a  flight  simulator. 
This  development  has  been  motivated  by 
the  computational  delays,  costs,  long 
development  times,  and  inflexibility  of  the 
sophisticated  models  now  in  use.  The  new 
model  overcomes  these  disadvantages 
and  provides  a  better  engineering  under- 
standing of  those  features  pertaining  to 
handling  qualities  that  are  apparent  to  the 
pilot  who  uses  the  simulator. 

Previously,  mathematical  modeling  of 
the  flight  characteristics  of  helicopters  has 
involved  either  great  complexity  in  the  ef- 
fort to  achieve  high  computational  fidelity 
or  oversimplified  linearized  stability- 
derivative  forms  that  are  easier  to  manage 
but  which  may  lack  fidelity  or  be  restricted 
to  small  operating  ranges.  In  the  com- 
promise approach  taken  in  this  study,  one 
starts  with  a  model  of  minimum  complexity 
and  adds  only  just  enough  complexity  to 
simulate  the  handling  qualities  of  the 


helicopter  adequately  over  the  full  op- 
erating range,  without  attempting  to  simu- 
late effects  that  the  pilot  cannot  perceive. 
The  model  must  be  affordable,  manage- 
able, easily  verifiable,  and  modifiable,  and 
must  enable  the  engineer  to  determine 
clear  cause-and-effect  relationships  be- 
tween parameters  of  the  model  and  re- 
sponses perceivable  by  the  pilot.  The 
model  is  required  to  be  modular  to  provide 
adaptability;  for  example,  to  enable  the 
substitution  of  alternative  submodels  of  the 
rotor,  lifting  surfaces,  control  subsystems, 
vibrational  modes,  and  pilots. 

The  report  describes  the  development 
of  the  model  in  five  sections.  Section  I  is  an 
introduction  that  describes  the  motivation 
and  the  general  approach.  In  section  II,  the 
technical  approach  to  modeling  is  described 
in  detail  to  establish  the  theoretical  founda- 
tion for  the  model.  The  features  and  com- 
ponents of  the  model  are  described.  The 
model  is  used  to  represent  a  Bell  AH-1S 
Cobra  helicopter 

In  section  III,  the  matching  and  estimat- 
ing procedures  used  to  obtain  the  parame- 
ters of  the  model  are  described.  The  sam- 
ple version  of  the  AH-1S  is  used  as  a 
specific  example.  The  model  is  then  exer- 
cised, and  the  estimated  parameters  are 
varied  to  tune  the  model  to  fit  data  on  per- 


formance. Section  IV  describes  several 
methods  of  checking  the  computer  code  of 
the  model.  The  size  of  the  model  and  the 
modular  format  are  conductive  to  efficient 
checking.  Methods  for  the  verification  of 
the  equations  of  the  model  are  then  pre- 
sented and  illustrated  by  application  to  the 
AH-1S  example. 

In  section  V,  possibilities  for  the  exten- 
sion or  modification  of  the  model  are  in- 
troduced to  demonstrate  flexibility.  The 
potential  for  increased  effectiveness  of 
simulation  by  use  of  these  extensions  and 
modifications  is  revealed  and  explained  in 
terms  of  the  approach  taken  to  the  model- 
ing process. 

This  work  was  done  by  Robert  K.  Heffley 
and  Marc  A.  Mnich  of  Manudyne  Systems, 
Inc.,  for  Ames  Research  Center.  Further 
information  may  be  found  in  NASA  CR- 
1 77476 [N88-29819],  "Minimum-Complexi- 
ty Simulation  Math  Model." 

Copies  may  be  purchased  [prepayment 
required]  from  the  Natbnal  Technical  In- 
formation Service,  Springfield,  Virginia 
22161.  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
ARC-12307/TN 
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